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PROCEEDINGS. 


January  1876, 


The  TwEOTT-NiNTH  Anniversary  Meeting  of  the  Members  was 
held  in  the  Lecture  Theatre  of  the  Midland  Institute,  Birmingham, 
on  Thursday,  27th  January,  1876 ;  Frederick  J.  Bramwell,  Esq., 
F.R.S.,  Retii'ing  President,  in  the  Chair,  succeeded  by  Thomas 
Hawesley,  Esq.,  President  elected  at  this  Meeting. 

The  Minutes  of  the  last  General  Meeting  were  read  and 
"confirmed. 

The  following  Annual  Report  of  the  Council  was  then  read  : — 

AN^NUAL  REPORT  OF  THE  COUNCIL. 

1876. 

The  Council  now  beg  to  lay  their  Annual  Report  before  the 
Meeting  on  this  occasion  of  the  Twenty-ninth  Anniversary  of  the 
Institution. 

The  roll  of  the  Institution  shows  that  at  the  end  of  the  last 
year  1875  there  were 

Members    Hon.  Life  Members    Associates    Graduates    Total 
949  3  32  34  1018 

as  compared  with 

Members    Hon.  Life  Members    Associates    Graduates    Total 
927  4  28  33  992 

at  the   corresponding    period   of   the   previous   year,    showing   an 
effective  increase  of  26.     This  increase  arises  as  follows. 
There  have  been  elected 

Members  Associates  Graduates  Total 

73  4  4  81 

H 


2  ANNUAL  KEPORT.  Jan. 

there  have  been  lost  by  death 

Members  Hon.  Life  Member  Graduate  Total 

20  1  1  22 

and  by  resignations  or  by  removal  from  the  register 

Members  Associates  Graduates  Total 

33  0  0  33 

so  that  while  the  gain  from  elections  has  amounted  to  81,  there  must 

be  deducted  from  this  the  loss  of  55  arising  fi'om  the  causes  above 

stated,  leaving  the  net  increase  of  26  before  mentioned. 

With  respect  to  the  Financial  position,  the  appended  Balance 
Sheet  will  show  that,  including  a  balance  of  £10,343  12s.  3d.  from 
the  previous  year,  there  has  been  a  total  credit  of  £13,814  6s.  9d. ; 
and  that  the  expenses  have  been  £2636  4s.  2d.,  leaving  a 
balance  of  £11,178  2s.  7d.  This  balance  is  £834  10s.  4i.  in  excess 
of  that  with  which  the  year  1875  was  begun,  and  thus  the  expenses 
of  the  year  1875  have  been  £834  10s.  M.  within  the  true  income  of 
that  year ;  the  Council  therefore  feel  that  the  Members  may  be  well 
satisfied  with  the  financial  position  of  the  Institution.  The  greater 
portion  of  the  present  balance  is  invested  in  £6000  London  and  North 
Western  Railway  4  per  cent.  Debenture  Stock,  £1000  Midland 
Railway  4  per  cent.  Debenture  Stock,  £1000  Great  Western  Railway 
4  per  cent.  Debenture  Stock,  and  £2200  North  Eastern  Railway  4  per 
cent.  Debenture  Stock,  registered  in  the  names  of  Mr.  Frederick  J. 
Bramwell,  ^Mr.  Edward  A.  Cowper,  and  Mr.  John  Ramsbottom,  as 
interim  trustees  on  behalf  of  the  Institution.  The  Finance  Committee 
have  examined  and  checked  the  receipts  and  payments  of  the 
Institution  for  the  past  year,  and  report  that  the  follo\ving  Abstract 
of  Receipts  and  Expenditure  rendered  by  the  Treasurer  is  correct. 
(See  Abstract  appended.) 

The   following   Deceases   of  Members   of  the  Institution  have 
occurred  during  the  past  year  : — 

llOBEUT  NicouL  Angus Stoke-upon-Trent. 

John  James  Bagshawe, Sheffield. 

CHABLE9  Clewoeth, Manchester. 
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John  Edward  Clipt, Cheltenham. 

James  Dees, Whitehaven. 

Peter  Boyd  Eassie,       Gloucester. 

Henry  Williah  Harman, London. 

George  Harrison, Birkenhead. 

Charles  William  Hawkins, Bombay. 

Edward  Lord, Todmorden. 

Joshua  Llewelyn  Morgan, Abergavenny. 

George  Peel,  Jun., Manchester. 

George  Taylor. Leeds. 

John  Webster, Bahia. 

Tke  following  Donations  to  the  Library  of  the  Institution  have 
been  received  dm-ing  the  past  year,  for  which  the  Council  have  the 
pleasure  of  expressing  their  thanks  to  the  Donors.  They  trust  the 
Members  generally  will  promote  the  formation  of  a  good  collection 
of  Engineering  Books,  Drawings,  and  Models  or  Specimens  of 
interest  in  the  Institution,  for  the  purpose  of  reference  by  the 
Members  personally  or  by  correspondence;  and  Members  are 
requested  to  present  copies  of  their  Works  to  the  Library  of  the 
Institution. 

LIST  OF  DONATIONS  TO  THE  LIBEARY. 

Description  and  Plans  of  the  Sea  Ports  of  France  ;  from  the  Minister  of  Public 

Works,  Versailles. 
On  the  Management  of  Commercial  Ports,  by  L.  Barret ;  from  the  author. 
On  the  Theory  of  the  Flow  of  Water  in  Open  Channels,  by  Eobert  Gordon  ; 

from  the  author. 
On  Theoretical  Kinematic  ■  by  Professor  Reuleaux  ;  from  the  author. 
Report  on  the  Strength  of  Siugle-riveted  Lap  Joints,  by  B.  B.  Stoney  ;  from  the 

author. 
On  Guns  and  Steel,  by  Sir  Joseph  Whitworth ;  from  the  author. 
On  the  relative  merits  of  Single  and  Compound  Engines,  by  Niel  McDougall  ; 

from  the  author. 
On  Planing  Metals,  by  M.  Tresca  ;  from  the  author. 
Elements  of  Practical  Construction,  with  engravings,  by  Samuel  Downing, 

LL.D. ;  from  the  author. 
Manual  of  Metallurgy,  vols.  1  and  2,  by  W.  H.  Greenwood  ;  from  the  author. 
On  the  principles  of  Metal  Mining,  by  J.  H.  Collins ;  from  the  author. 
Studies  of  Blast  Furnace  Phenomena,  by  M.  L.  Gruner,  translated  by  L.  D.  B. 

Gordon  ;  from  Mr.  Charles  Cochrane. 
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Notes  on  a  visit  to  Coal  and  Iron  Mines  and  Iron  Works  in  the  United  States, 

by  I.  Lowthian  Bell ;  from  the  author. 
On  the  llise  and  Progress  of  the  Cleveland  Iron  Trade,  by  John  Gjers  ;  from 

the  author. 
On  River  Pollution,  by  Jabez  Hogg  ;  from  the  author. 
Professional  Papers  of  the  Corps  of  Eoyal  Engineers  ;  from  the  School  of 

Military  Engineering. 
Lectures  on  Irrigation  "Works  in  India,  and  practical  Engineering  Construction  ; 

from  the  School  of  Military  Engineering. 
Lectures  on  Water  Supply,  Sewerage,  and  Sewage  Utilisation,  by  Dr.  W.  H. 

Corfield  ;  from  the  School  of  Military  Engineering. 
Discourse  upon  the  Art  of  Architecture,  as  applied  to  Military  Buildings,  by 

John  P.  Seddon  ;  from  the  School  of  Military  Engineering. 
Report  of  the  Miners'  Association  for  Cornwall  and  Devon  ;  from  the  Association. 
First  Report  of  the  Commissioner  of  the  Imperial  Mint,  Japan  ;  from  Mr.  Robert 

Maclagan. 
Map  showing  the  route  of  Railways  at  the  Cape  of  Good  Hope  ;  from  Mr.  Michael 

Stephens. 
Engravings  from  the  Ecole  des  Ponts  et  Chaussees,  Paris,  vol.  1. 
Proceedings  of  the  French  Institution  of  Civil  Engineers  ;  from  the  Institution. 
Journal  of  the  French  Society  for  the  Encouragement  of  National  Industry ; 

from  tlie  Society. 
Journal  of  the  Marseilles  Scientific  and  Industrial  Society  ;  from  the  Society. 
Journal  of  the  Hanover  Architect  and  Engineer's  Society  ;  from  the  Society. 
Journal  of  the  Saxon  Society  of  Engineers  ;  from  the  Society. 
Journal  of  the  Norwegian  Polytechnic  Society ;  from  the  Society. 
Transactions  of  the  American  Society  of  Civil  Engineers  ;  from  the  Society. 
Transactions  of  the  American  Society  of  Mining  Engineers  ;  from  the  Society. 
Smithsonian  Institution  Annual  Report ;  from  the  Institution. 
Proceedings  and  Journal  of  the  Asiatic  Society  of  Bengal ;  from  the  Society. 
Proceedings  of  the  Institution  of  Civil  Engineers  ;  from  the  Institution. 
Transactions  of  the  North  of  England  Institute  of  Mining  Engineers  ;  from  the 

Institute. 
Proceedings  of  the  South  Wales  Institute  of  Engineers ;  from  the  Institute. 
Transactions  of  the. Institution  of  Engineers  in  Scotland  ;  from  the  Institution. 
Transactions  of  the  Institution  of  Engineers  in  Ireland  ;  from  the  Institution. 
Journal  of  the  Iron  and  Steel  Institute  ;  from  the  Institute. 
Proceedings  of  the  Scientific  and  Mechanical  Society  of  Manchester  ;  from  the' 

Society. 
Transactions  of  the  Society  of  Engineers  ;  from  the  Society. 
Transactions  of  the  Chesterfield  and  Derbyshire  Institute  of  Engineers  ;  from 
the  Institute. 
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Proceedings  of  the  Eoyal  Societj'  of  London  ;  from  the  Society. 

Report  of  the  British  Association  for  the  Advancement  of  Science  ;  from  the 

Association. 
Transactions  of  the  -Institution  of  Naval  Architects  ;  from  the  Institution. 
Transactions  of  the  Institution  of  Surveyors  ;  from  the  Institution. 
Journal  of  the  Koyal  United  Service  Institution  ;  from  the  Institution, 
Proceedings  of  the  Royal  Artillery  Institution  ;  from  the  Institution. 
Journal  of  the  Royal  Agricultural  Society  of  England  ;  from  the  Society, 
Proceedings  of  the  Royal  Institution  of  Great  Britain  ;  from  the  Institution. 
Transactions  of  the  Royal  Scottish  Society  of  Arts  ;  from  the  Society. 
Proceedings  of  the  Philosophical  Society  of  Glasgow  ;  from  the  Society. 
Report  of  the  Manchester  Steam  Users'  Association  for  the  prevention  of  Steam 

Boiler  Explosions ;  from  Mr.  Lavington  E.  Fletcher. 
Report  of  the  National  Boiler  Insurance  Company  ;  from  Mr,  Henry  Hiller. 
The  Engineer  ;  from  the  Editor. 
Engineering  ;  from  the  Editor. 
Iron  ;  from  the  Editor. 
The  Mining  Journal ;  from  the  Editor. 
The  Railway  Record  ;  from  the  Editor. 

In  the  course  of  1875  the  Meetings  held  were  the  Anniversary- 
Meeting,  the  London  Meeting,  the  Summer  Meeting,  and  the 
Manchester  Autumn  Meeting,  in  addition  to  a  Special  Meeting  held 
in  London  in  June  for  the  consideration  of  the  Patent  Laws  Bill. 
Two  days  were  devoted  at  the  Spring  and  Summer  Meetings  to  the 
reading  and  discussion  of  Papers,  making  with  the  Anniversary  and 
Autumn  Meetings  six  days  in  all  thus  occupied  in  the  course  of  the 
year.  The  list  of  Papers  is  as  follows  : — 
On  Jaques  Oakley  and  Sterne's  Electro-Magnetic  Chuck  for  holding  special 

work  in  lathes  &c. ;  by  Mr.  William  E.  Newton. 
On  the  Manufacture  and  Testing  of  Portland  Cement,  and  the  Machinery  used 

in  its  production  ;  by  Mr.  Henry  Faija. 
Some  notes  on  the  early  history  of  Railway  Gauge  ;  by  Mr.  William  Pole,  F.R.S. 
On  Rock  Boring  by  the  Diamond  Drill,  and  recent  ^plications  of  the  process  ; 

by  Major  Beaumont,  R.E.,  M.P. 
Description  of  a  Direct-acting  Circular  Saw  for  cutting  Steel  hot ;  by  Mr. 

Francis  W.  Webb. 
On  the  Floating  Swimming  Bath  at  Charing  Cross,  with  the  means  adopted  for 

the  filtration  of  the  water  ;  by  Mr.  Edward  Perrett. 
On  Otto  and  Langen's  Atmospheric  Gas  Engine,  and  some  other  Gas  Engines  ; 

by  Mr.  Francis  W.  Crossle)'. 
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On  Direct-Acting  Winding  Engines  for  Mines  ;  by  Mr.  George  H.  Daglish. 

On  WoodAVorking  Machinery  ;  by  Mr.  Thomas  N.  Robinson. 

On  Fluid  Compressed  Steel  and  Guns  ;  by  Sir  Joseph  "Whitworth,  Bart.,  D.C.L., 

F.R.S. 
On  Mechanical  Ventilators  for  Mines  ;  by  Mr.  William  Daniel. 
On  the  Ultimate  Capacity  of  Blast  Furnaces  ;  by  Mr.  Charles  Cochrane, 

The  attendances  at  the  Meetings  were,  at  the  Anniversary 
Meeting  47  members  and  7  friends,  at  the  Spring  Meeting  85 
members  and  43  friends,  at  the  Autumn  Meeting  69  members  and 
38  friends,  and  at  the  Special  ileeting  26  members  and  24  friends. 

The  Summer  Meeting  was  held  in  Manchester,  being  a  re- visit  to 
that  place  after  an  interval  of  nine  years,  and  the  result  was  very 
satisfactory;  the  attendance  was  207  members  and  91  fi'iends,  and 
the  discussions  at  the  meeting  included  some  of  special  excellence 
and  interest,  particularly  that  upon  the  subject  of  fluid  compressed 
steel.  Excursions  were  made  to  many  places  of  much  interest  and 
importance,  including  a  visit  to  the  Manchester  Corporation 
Waterworks  at  Longdendale  with  its  large  reservoirs. 

The  Spring  Meeting  in  London  was  a  two  days'  meeting,  as 
proposed  in  the  last  Annual  Report;  and  was  held,  through  the 
courtesy  of  the  Council  of  the  Institution  of  Civil  Engineers,  at  the 
house  of  that  Institution. 

The  Autumn  fleeting  was  held  in  Manchester,  in  pursuance  of 
the  resolution  come  to  last  year ;  and  the  CouncU  have  reason  to 
consider  that  the  result  was  satisfactoiy,  and  that  the  holding  of  the 
Autumn  meeting  in  Manchester  will  be  useful  in  promoting  the 
interests  of  the  Institution. 

With  respect  to  the  premiums  which  at  the  last  anniversaiy 
meeting  it  was  determined  might  be  awarded  to  the  authors  of 
two  sufficiently  meritorious  papers  contributed  in  the  course  of 
each  year,  the  Council  have  to  report  that,  inasmuch  as  the  papers 
read  since  the  announcement  of  these  premiums  have  as  yet  been 
produced  at  only  three  of  the  quarterly  meetings,  the  time  has  not 
yet  arrived  for  making  any  award. 

The  Index  to  the  Proceedings  of  each  successive  year  has  been 
carried  out  for  the  last  two  years,  as  proposed  by  the  Council,  and 
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the  General  Index  to  the  Proceedings  of  the  previous  years  is  in 
course  of  preparation,  and  will  be  issued  as  soon  as  possible,  with  the 
Library  Catalogue. 

The  printing  of  each  Paper  previous  to  being  read  at  the  Meetings 
has  been  effected,  as  proposed,  and  has  been  found  advantageous  in 
working. 

At  the  last  Anniversary  Meeting  it  was  resolved  that  a  sum  of 
money  be  devoted  to  the  investigation  of  questions  connected  with 
the  science  of  Engineering.  The  mode  of  carrying  out  this  object 
has  been  under  the  consideration  of  the  Council,  but  is  not  yet 
sufficiently  matured  for  immediate  adoption. 

The  President,  Vice-Presidents,  and  five  of  the  Members  of  the 
Council  in  rotation,  go  out  of  office  this  day,  according  to  the  Rules 
of  the  Institution ;  and  the  ballot  taken  at  the  present  meeting  will 
show  the  election  of  the  Officers  and  Council  for  the  ensuing  year. 


Jan. 


SUBJECTS  FOR  PAPERS. 


Steam  Engine  Boilers,  particulars  of  construction  —  form  and  extent  of 
heating  surface— extent  of  water  surface  —  relation  of  grate  surface  to 
heating  surface,  and  heating  surface  to  fuel  consumed  — relative  value 
of  radiant  surface  and  flue  surface  in  effect  and  economy — consumption 
of  fuel — evaporation  of  water — pressure  of  steam— density  and  heat  of 
steam — superheated  steam,  simple  or  mixed  with  common  steam — combined 
air  and  steam — safety  valves — water  gauges — explosion  of  boilers,  and 
means  of  prevention — strength  and  proportions  of  riveted  joints,  single 
and  double  riveting— welded  joints— comparative  strength  of  drilled  and 
punched  plates  in  iron  and  in  steel — effects  of  heat  on  the  metal  of  boilers, 
low-pressure  and  high-pressure — steel  boilers — cast-iron  boilers — welded 
boilers— small  water-space  boilers  for  specially  high  pressures— incrustation 
of  boilers,  and  means  of  prevention — corrosion  of  boilers,  and  means  of 
prevention  —  effects  of  surface  condensers  on  the  metal  of  boilers  — 
evaporative  power  and  economy  of  different  kinds  of  fuel ;  coal,  wood, 
charcoal,  peat,  coke,  and  artificial  fuel— mechanical  firing,  moveable  grates 
and  smoke-consuming  apparatus,  facts  to  show  the  best  plan,  and  results 
of  working  —  plans  for  heating  feed-water  —  mode  of  feeding  —  use  of 
injector — circulation  of  water — self-acting  feeding  apparatus. 

Steam  Engines — expansive  force  of  steam,  and  best  means  of  using  it — effect 
of  steam  jackets — power  obtained  by  various  plans — comparison  of  double 
and  single  -  cylinder  engines  —  combined  engines  —  compound -cylinder 
engines — comparative  advantages  of  direct-acting  and  beam  engines — 
horizontal  and  vertical  engines — condensing  and  non-condensing  engines — 
construction  and  particulars  of  working  of  injection  and  surface  condensers 
— ejector  condenser— air-pumps — piston  speed — pistons,  slide-valves,  and 
other  valves  —  governors  —  throttle  valves  —  bearings,  &c.  —  improved 
expansion  gear — expansion  gear  controlled  by  governor — indicator  diagrams 
from  engines,  comparison  of  these  diagrams  with  dynamometer  experiments, 
with  details  of  useful  effect,  consumption  of  fuel,  &c. — contributions  of 
indicator  diagrams  for  reference  in  the  Institution. 
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Pumping  Engines,  particulars  of  various  constructions — Cornish  engines,  beam 
engines  ■with  crank  and  flywheel,  direct-acting  engines  with  and  without 
flywheel — size  of  steam  cylinder  and  degree  of  expansion — number  and  size 
of  pumps,  and  strokes  per  minute — speed  of  piston — pressure  upon  pump — 
effective  horse  power  and  duty — comparison  of  double-acting  and  single- 
acting  pumping  engines — indicator  diagrams  from  pumps — construction 
of  pumps — plunger  pumps — bucket  pumps — rotary  and  centrifugal  pumps 
—  details  of  different  pump  valves  —  india-rubber  valves,  durability 
and  results  of  working  —  diagrams  of  lift  of  valves  —  application  of 
pumps — fen-draining  engines— comparative  advantages  of  scoop  wheels 
and  centrifugal  pumps,  lifting  trough,  &c. — sewage  pumping  engines — 
details  of  pit  work  of  pumping  engines  in  mines. 

Blast  Engines,  best  kind  of  engine  —  details  of  construction  —  pressure  of 
blast,  and  means  of  regulation — construction  of  valves — improvements  in 
blast  cylinders — rotary  blowing  machines— indicator  diagrams  from  steam 
cylinder,  blast  cylinder,  and  blast  main. 

Maeine  Engines,  power  of  engines  in  proportion  to  tonnage— dimensions 
and  form  of  vessel — different  constructions  of  engines,  compound-cylinder 
engines,  trunk  engines,  oscillating  engines — three-cylinder  engines — use  of 
steam  jackets  —  dynamical  effect  compared  with  indicator  diagrams  — 
comparative  economy  and  durability  of  different  boilers,  tubular  boilers, 
fiat-flue  boilers,  &c.  —  brine  pumps,  and  means  of  preventing  deposit — 
surface  condensers — salinometers — weight  of  machinery,  and  boilers  — 
speed  obtained  in  different  steamers,  with  particulars  of  construction  of 
engines — screw  propellers,  particulars  of  different  kinds,  improvements  in 
form  and  position,  number  of  arms,  material,  means  for  unshipping, 
bearings,  horse  power  applied,  speed  obtained,  section  of  vessel — reaction 
propellers — governors  and  storm  governors. 

Rotary  Engines,  particulars  of  construction  and  practical  application  — 
details  of  results  of  working. 

Locomotive  Engines,  particulars  of  construction,  details  of  experiments,  and 
results  of  working  —  economy  of  fuel  —  relative  value  and  evaporative 
duty  of  coke  and  coal — consumption  of  smoke — use  of  wood — construction 
of  spark  arresters  —  heating  surface,  length  and  diameter  of  tubes  — 
material  of  tubes — experiments  on  size  of  tubes  and  blast-pipe — construction 
of  pistons,  valves,  expansion  gear,  &c. — balanced  slide-valves — indicator 
diagrams — expenses  of  working  and  repairs — means  of  supplying  water  to 
tenders — locomotives  for  steep  gi-adients  and  sharp  curves — steam  breaks, 
counterpressure  steam  break — distribution  of  weight  on  wheels. 

Ageicultueal  Engines,  details  of  construction  and  results  of  working — duty 
obtained  —  application  of  machinery  and  steam  power  to  agricultural 
purposes  —  barn  machinery — field  implements  —  ploughing  engines  — 
traction  engines,  particulars  of  performance  and  cost  of  work  done. 

I 
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Steam  Eoad  Eollebs,  particulars  and  results  of  working. 

HoT-AiE  Engines — engines  worked  by  gas,  or  explosive  compounds— electro- 
magnetic engines — particulars  and  results. 

Hydraulic  Engixes,  particulars  of  application  and  working — pressure  of 
vcatev — construction  and  arrangement  of  valves,  relief  valves— accumulator 
— hydraulic  machinery — construction  of  joints.— hydraulic  rams. 

Water  Wheels,  particulars  of  construction  and  dimensions — form  and  depth 
of  buckets  —  head  of  water,  velocity,  percentage  of  power  obtained— 
turbines,  construction  and  practical  application,  power  obtained,  comparative 
effect  and  economy — transmission  of  power  to  distant  points. 

WlKD  Mills,  particulars  of  construction — number  of  sails,  surface  and  form  of 
gails — velocity,  and  power  obtained — average  number  of  days'  work  per 
annum. 

COBN  Mills,  particulars  of  improvements — power  employed — application  of 
steam  power  —  results  of  working  with  an  air  blast  and  ring  stones  — 
crushing  by  rolls  before  grinding — stone-dressing  machinery. 

Sugar  Mills,  particulars  of  construction  and  working — results  of  application 
of  the  hydraulic  press  in  place  of  rolls — application  of  steam  and  water 
for  extracting  the  last  portion  of  saccharine  matter  —  construction  and 
working  of  evaporating  pans. 

Oil  Mills,  facts  relating  to  construction  and  working,  by  stampers,  by  screw 
presses,  and  by  hydraulic  presses — particulars  of  crushing  rollers  and  edge 
stones. 

Cotton  Mills,  information  respecting  the  construction  and  arrangement  of  the 
machinery — power  employed,  and  application  of  power — cotton  presses, 
mode  of  construction  and  working,  power  employed — improvements  in 
opening,  carding,  spinning,  and  winding  machinery,  &c, 

Calico-Pbinting  and  Bleaching  Machinery,  particulars  of  improvements. 

Wool  Machinery,  carding,  combing,  roving,  spinning,  kc. 

Flax  Machinery,  manufacture  of  flax,  china  grass,  and  other  fibrous 
materials,  both  in  the  natural  length  of  staple  and  when  cut. 

Weaving  Machinery,  for  manufacture  of  different  materials — improvements 
in  looms,  &;c. 

Lace  Machinery,  particulars  of  improvements. 

Knitting  Machinery,  worked  by  hand  or  by  power  —  particulars  of 
improvements. 

Eope-Makino  Machinery  —  hemp  and  wire  ropes,  comparative  strength, 
durability,  and  cost — steel  wire  ropes — transmission  of  power  by  ropes, 
percentage  of  loss,  distance,  wear  of  ropes,  &c. 

Saw  Mills,  particulars  of  construction— mode  of  driving — power  employed — 
particulars  of  work  done — best  speeds  for  vertical  and  circular  saws — form 
of  saw  teeth — saw  mills  for  cutting  ship  timbers — veneer  saws — endless 
band  saws — saw  sharpeners. 
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Wood-Working  Machines,   morticing,  dovetailing,  planing,  rounding,  and 

surfacing — copying  machinery. 
Stone-Wobking    Machinery  —  cutting,    planing,    turning,    and    polishing 

machines. 
Glass   Machinery  —  manufacture  of  plate  and  sheet  glass  —  grinding  and 

polishing  machinery — construction  of  melting  furnaces,  annealing  kilns,  &c. 
Lathes,  Planing,  Boring,  Drilling,  Slotting,  and  Shaping  Machines, 

&c.,  particulars  of  improvements — description  of  new  self-acting  tools — 

engineers'  tools — files  and  file-cutting  machinery. 
Rolling  Mills,  improvements  in  machinery  for  making  iron  and  steel — 

mode  of  applying  power — use  of  steam  hammers — piling  of  iron — plates — 

fancy  sections — arrangement  and  speed  of  rolls — length  of  bar  rolled — 

manufacture  of  rolled  girders — rolling  of  armour  plates — reversing  rolling 

mills. 
Hammers,  improvements  in  construction  and  application — steam  hammers — 

friction  hammers — air  hammers — tilt  hammers. 
Riveting,  Punching,  and    Shearing    Machines,   worked   by  steam   or 

hydraulic  pressure — direct-acting  and  lever  machines — portable  machines 

—  rivet-making  machines  —  comparative  strength  of  hand  and  machine 

riveting — plate-bending  and  flanging  machines. 
Stamping  and  Coining  Machinery,  particulars  of  improvements,  &c. 
Locks,  and  lock-making  machinery — iron  safes. 

Paper-Making  and  Paper-Cutting  Machines,  new  materials  and  results. 
Printing  Machines,  particulars  of  improvements,  &c. — machines  for  printing 

from  engraved  surfaces — type  composing  and  distributing  machines. 
Hydraulic  Presses,  facts  relating  to  the  best  construction,  means  of  working, 

and  application — economical  limit  of  pressure. 
Fire  Engines,  hand  and  steam,  ditto  ditto  ditto. 

Sluices  and  Sluice  Cocks,  worked  by  hand  or  by  hydraulic  power,  ditto. 
Cranes — steam,  hydraulic,  and  pneumatic  cranes — travelling  cranes. 
Lifts  for  raising  railway  wagons— hoists  for  warehouses,  blast-furnaces,  &c. — 

safety  apparatus. 
Toothed  Wheels,  best  construction  and  form  of  teeth — results  of  working — 

strength  of  iron  and  wood  teeth — moulding  by  machinery — cutting  teeth 

by  machinery. 
Driving  Belts  and  Straps,  best  make  and  material,  leather,  gutta-percha, 

vulcanised  india-rubber,   rope,  wire,  chain,   &c. — comparative   durability, 

adhesion,  and  results  of  working — power  communicated  by  certain  sizes — 

frictional    gearing,   construction  and  driving  power  obtained  —  friction 

clutches — shafting  and  couplings. 
Dynamometers,  construction,  application,  and  results  of  working. 
Pressure  Gauges,  for  steam  and  water  —  varieties  of  construction  —  dura- 
bility and  results  of  working — speed  indicators  for  vessels  and  trains. 
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Decimal  Measurement — application  of  decimal  system  of  measurement  to 
mechanical  engineering  work,  drawing  and  construction  of  machinery, 
manufactures,  &c. — construction  of  measuring  instruments,  gauges,  &c. 

Strength  of  Materials — facts  relating  to  experiments,  and  general  details 
of  testing — influence  of  temperature  on  strength. 

Girders  of  Cast  and  WRorcHT  Ikon,  particulars  of  different  constructions, 
and  experiments  on  them  —  rolled  girders  —  best  forms  and  proportions 
of  girders  for  different  purposes  —  best  mixture  of  metal  —  mixtures  of 
wrought  iron  with  cast. 

Durability  of  Timber  of  various  kinds  —  best  plans  for  seasoning  and 
preserving  timber  and  cordage — results  of  various  processes — comparative 
durability  of  timber  in  different  situations — experiments  on  actual  strength 
of  timber. 

Corrosion  op  Metals  by  salt  and  fresh  water,  and  by  the  atmosphere,  &c. — 
facts  relating  to  corrosion,  and  best  means  of  prevention — means  of  keeping 
ships'  bottoms  clean — galvanic  action,  nature  and  preventives. 

Allots  of  Metals,  facts  relating  to  different  alloys. 

Fbiction  of  various  Bodies,  facts  relating  to  friction  under  ordinary 
circumstances  —  facts  on  increase  of  friction  by  reduction  of  surface  in 
contact  —  friction  of  iron,  brass,  copper,  tin,  wood,  &«.  —  proportion  of 
weight  to  rubbing  surface — best  forms  of  journals,  and  construction  of 
axleboxes — wood  bearings — water  axleboxes — lubrication,  best  materials, 
means  of  application,  and  results  of  practical  trials — best  plans  for  oil  tests 
— friction  breaks — friction  of  ropes. 

Roofs,  particulars  of  construction  for  different  purposes — cast-iron,  wrought- 
iron,  timber,  kc. — best  construction,  form,  and  materials — details  of  large 
roofs,  and  cost — durability  in  various  climates  and  situations — comparative 
cost,  weight,  and  durability. 

Fire-proof  Buildings,  particulars  of  construction — most  efficient  plan — 
results  of  trials — means  of  rendering  timber  &c.  incombustible. 

Chimnet  Stacks  of  large  size — particulars,  form,  mode  of  building,  cheapest 
construction,  kc. — force  of  draught,  and  temperature  of  current. 

Bricks,  manufacture,  durability,  and  strength — hollow  bricks,  tire  bricks,  and 
fire  clay  —  perforated  bricks,  cost  of  manufacture,  and  advantages  — 
dry-clay  bricks— machines  for  brick-making — burning  of  bricks. 

Gas  Work-s — best  form,  size,  and  material  for  retorts — construction  of  retort 
ovens — quantity  and  quality  of  gas  from  different  coals — oil  gaa,  cheapest 
mode  of  making — water  ga.?,  &c.— improvements  in  purifiers,  condensers, 
and  gasholders — wet  and  dry  gas-meters — self-regulating  meters — pressure 
of  gas — gas-exhausters,  construction  and  results  of  working — gas  pipes, 
strength  and  durability,  and  construction  of  joints — proportionate  diameter 
and  length  of  gas  mains,  and  velocity  of  the  passage  of  gas — experiments 
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on  ditto,  and  on  the  friction  of  gas  in  mains,  and  loss  of  pressure — lighting 
railway  trains  with  gas. 

Water  "Works,  facts  relating  to— application  of  power,  and  economy  of 
working — proportionate  diameter  and  length  of  pipes — experiments  on  the 
discharge  of  water  from  pipes,  and  friction  through  pipes — incrustation 
in  pipes,  effect  on  delivery,  and  means  of  prevention  or  removal — strength 
and  durability  of  pipes,  and  construction  of  joints — penetration  of  frost 
in  different  climates — relative  advantages  of  stand  pipes  and  air  vessels — 
sluices  and  self-acting  valves— relief  valves — machinery  for  working  sluices 
— water  meters,  construction  and  working. 

Well  Sinking,  and  Artesian  Wells,  facts  relating  to  —  boring  tools, 
construction  and  mode  of  using. 

Tunnelling  Machines,  particulars  of  construction,  and  results  of  working. 

COFFERDAJMS  AND  PILING,  facts  relating  to  construction — cast-iron  sheet  piling. 

Piers,  fixed  and  floating,  and  pontoons — particulars  of  construction. 

Pile-Driving  Apparatus,  particulars  of  improvements — use  of  steam  power — 
particulars  of  working — weight  of  ram  and  height  of  fall,  total  number 
of  blows  required — vacuum  piles — compressed  air  system — screw  piles — 
pile  shoes. 

Dredging  Machines,  particulars  of  improvements — application  of  dredging 
machines— power  required  and  work  done. 

Excavating  Machines,  construction  and  results  of  working. 

Diving  Bells  and  Diving  Dresses,  facts  relating  to  the  best  construction. 

Subaqueous  Engineering,  particulars  of  works. 

Lighthouses,  cast-iron  and  wrought-iron,  ditto  ditto. 

Ships,  iron  and  wood — details  of  construction — lines,  tonnage,  cost  per  ton — 
water  ballast — iron  and  steel  masts  and  yards,  and  wire-rope  rigging — 
comparative  strength  and  advantage  of  iron  and  wood  ships — arrangements 
for  docking  and  repairing  ships — steering  gear— application  of  steam  and 
hydraulic  power  to  steering — instruments  to  record  rolling  of  ships  and 
to  ascertain  stability. 

Guns,  cast-iron,  wrought-iron,  and  steel— manufacture  and  proof — rifling — 
shot  and  shells,  cast-iron  and  steel,  manufacture  and  proof. 

Small  Arms,  machinery  for  manufacture  of  rifles  and  cartridges,  &c. — breech- 
loading  mechanism. 

Blasting,  facts  relating  to  blasting  under  water,  and  blasting  generally— use 
of  gun-cotton,  dynamite,  &c. — effects  produced  by  large  and  small  charges 
of  powder — arrangement  of  charges. 

Mining  Operations,  facts  relating  to  mining — modes  of  working  and  propor- 
tionate yield — coal-cutting  machines — rock-drilling  machines — means  of 
ventilating  mines — use  of  ventilating  machinery — safety  lamps — lighting 
mines  by  gas — drainage  of  mines — sinking  pits — mode  of  raising  materials 
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— safety  guides — winding  macliinery — hauling  arrangements  underground 
and  at  surface — stone-breaking  machines — mode  of  breaking,  pulverising, 
and  dressing  various  descriptions  of  ores— coal- washing  machinery. 

Blast  Fuexaces,  shape  and  size — consumption  of  fuel — yield  and  quality  of 
metal — pressure  of  blast — economy  of  working — improvements  in  manu- 
facture of  iron  —  comparative  results  of  hot  and  cold  blast — increased 
temperature  of  blast  —  construction  and  working  of  hot-blast  stoves  — 
pyrometers — construction  of  tuyeres — means  and  results  of  application  of 
wastQ  gas  from  close-topped  and  open-topped  furnaces — preparation  of 
materials  for  furnace,  and  mode  of  charging. 

PUDDLIXG  Furnaces,  best  forms  and  construction — gas  furnaces — application 
of  machinery  to  puddling. 

Smelting  Fubnaces,  for  reduction  of  copper,  tin,  and  lead  ores,  &c.  —  best 
construction  and  modes  of  working. 

Heating  Furnaces,  best  construction — consumption  of  fuel,  and  heat  obtained. 

Cupolas,  construction  and  proportions — improvements  in  means  of  blowing — 
results  of  working,  and  economy  of  fuel. 

CoNVEETiNG  FuENACES,  construction  of  furnaces — manufacture  of  steel — 
casehardening,  &;c. — converting  materials  employed. 

Smiths'  Foeges,  best  construction — size  and  material — power  of  blast — hot 
blast,  &c.— construction  of  tuyeres. 

Blowing  Fans,  best  construction,  form  of  blades,  &c.  —  facts  relating  to 
power  employed  and  percentage  of  effect  produced — pressure  and  quantity 
of  air  discharged — size  and  construction  of  air  mains. 

Ventilating  Fans  for  mines — ventilating  machines — mechanical  ventilation 
and  warming  of  public  buildings. 

Fuel,  solid,  powdered,  liquid,  gaseous. 

Coke  and  Charcoal,  particulars  of  the  best  mode  of  making,  and  construction 
of  ovens,  &c. — open  coking,  mixtures  of  coal-slack  and  other  materials — 
evaporative  power  of  different  varieties — peat,  manufacture  of  compressed 
peat. 

Railways — construction  of  permanent  way — section  of  rails,  and  mode  of 
manufacture  —  mode  of  testing  rails  —  experiments  on  rails,  deflection, 
deterioration,  and  comparative  durability — material  and  form  of  sleepers, 
size,  and  distances — improvements  in  chairs,  keys,  and  joint  fastenings — 
permanent  way  for  hot  climates. 

Switches  and  Crossings,  particulars  of  improvements,  and  results  of  working. 

Turntables,  particulars  of  various  constructions  and  improvements — engine 
turntables. 

Signals  for  stations  and  trains,  and  self-acting  signals  —  interlocking 
apparatus  for  signals  and  points — switch  locks. 
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Electeic  Telegraphs,  improvements  in  construction  and  insulation— coating 
of  wires — underground  and  submarine  cables — construction — laying  and 
picking-up  machinery. 

Eailway  Carriages  and  Wagons,  details  of  construction  —  proportion  of 
dead  weight. 

Breaks  for  carriages  and  wagons,  best  construction  —  self-acting  breaks  — 

continuous  breaks — steam,  air,  and  hydraulic  breaks. 
-Buffers  for  carriages,  &c.,  and  station  buffers— different  constructions  and 
materials. 

Couplings  for  carriages  and  wagons — self-acting  couplings. 

Springs  for  carriages,  &c.  —  bufSng,  bearing,  and  draw  springs  —  range  and 
deflection  per  ton  —  particulars,  of  different  constructions  and  materials, 
and  results  of  working. 

Railway  Wheels,  wrought-iron,  cast-iron,  and  wood— particulars  of  different 

constructions,  and  results  of  working — comparative  expense  and  durability 

wrought-iron  and  steel  tyres,  comparative  economy  and  results  of  working 
—mode  of  fixing  tyres— manufacture  of  weldless  tyres,  and  solid  wrought- 
iron  wheels. 

Railway  Axles,  best  description,  form,  material,  and  mode  of  manufacture 

durability,  and  causes  of  fracture. 


PREPARATION  OF   PAPERS. 

The  Papers  to  be  written  in  the  third  person,  on  foolscap  paper,  on  one 
side  only  of  each  page,  leaving  a  clear  margin  of  an  inch  width  on  the  left 
edge.  In  the  subjects  of  the  papers,  extracts  from  printed  publications  and 
questions  of  patent  right  or  priority  of  invention  are  not  admissible. 

The  Diagrams  to  be  on  a  large  scale  and  strongly  coloured,  so  as  to  be 
clearly  visible  to  the  meeting  at  the  time  of  reading  the  paper.  Enlarged 
details  to  be  added  for  the  illustration  of  any  particular  portions,  drawn  full 
size  or  magnified,  with  the  different  parts  strongly  coloured  in  distinctive 
colours.  Several  explanatory  diagrams  drawn  roughly  to  a  large  scale  in  dark 
pencil  lines  and  strongly  coloured  are  preferable  to  a  few  small-scale  finished 
drawings.    The  scale  of  each  diagram  to  be  marked  upon  it. 
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MEMOIRS 

OF   MEMBERS    DECEASED   IN   1875. 

Robert  N"icoll  Angus  was  born  on  6tli  January  1811  at  Blebo 
Craigs,  near  Cupar,  Fifeshire ;  and  at  the  age  of  fourteen  was 
apprenticed  to  Mr.  David  Fernie,  engineer  and  millwriglit,  Cupar, 
with,  whom  he  remained  nine  years.  He  then  went  to  Glasgow 
for  three  years,  in  order  to  gain  further  experience ;  and  next 
entered  the  service  of  Messrs.  Bury  Curtis  and  Kennedy,  Clarence 
Foundry,  Liverpool,  remaining  with  them  eight  years ;  during 
this  time  he  was  engaged  principally  in  the  construction  of 
locomotive  engines,  a  large  number  of  which  he  took  out  to  the 
principal  railways  in  England  and  Scotland,  and  at  the  opening 
of  the  Edinburgh  and  Glasgow  Railway  he  drove  the  first  engine 
from  Glasgow  to  Edinburgh.  He  then  became  Locomotive 
Superintendent  of  the  Preston  and  Wyre  Railway,  which  position 
he  held  for  four  years,  until  his  appointment  as  Locomotive 
Superintendent  of  the  IS'orth  Staffordshii'e  Railway;  there  he 
remained  until  his  death,  a  period  of  twenty-eight  years,  during 
the  latter  portion  of  which  he  designed  and  made  a  large  number 
of  useful  machines  for  economising  labour  in  the  construction 
and  repairing  of  locomotive  engines.  He  died  on  10th  July 
1875,  in  the  65th  year  of  his  age.  He  became  a  Member  of  the 
Institution  in  1862. 

John  James  Bagshawe,  of  the  Thames  Steel  Works,  Sheffield, 
was  born  on  13th  September  1835  in  Sheffield,  where  he  resided 
until  his  death,  which  took  place  on  1st  September  1875,  in  the 
40th  year  of  his  age.  He  became  a  Member  of  the  Institution 
in  1865. 
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Charles  Cleworth  was  born  at  Atlierton  neai'  Manchester  on 
1st  March  1831,  and  served  his  apprenticeship  to  mechanical 
engineering  with  Messrs.  Sharp  Stewart  and  Co.,  Atlas  Works, 
Manchester,  by  whom  he  was  afterwards  employed  for  some  time  in 
taking  out  theii*  engines  to  Russia,  Poland,  and  the  West  Indies.  In 
1862  he  went  under  Mr.  Armstrong,  locomotive  superintendent 
of  the  Great  Western.  Railway,  to  gain  an  insight  into  railway 
working ;  and  in  1803  he  was  appointed  a  District  Locomotive 
Superintendent  on  the  East  Indian  Railway.  This  situation  he 
retained  tiU  the  time  of  his  death,  being  stationed  successively  at 
Allahabad,  Jumalpore,  and  Howi'ah.  On  returning  to  India  in  1872 
after  a  visit  to  England,  he  was  attacked  by  fever,  which  laid  the 
foundation  of  a  fatal  disease,  that  necessitated  his  return  to  England 
at  the  end  of  1874;  after  a  temporary  improvement  of  health  during 
the  next  few  months,  the  disease  of  heart  and  brain  increased 
rapidly,  and  his  death  took  place  on  15th  September  1875,  at  the 
age  of  44.     He  became  a  Member  of  the  Institution  in  1866. 

John  Edward  Clift  was  bom  at  Handsworth,  near  Bu-mingham, 
on  11th  April  1817.  He  was  a  pupil  of  !Mr.  John  Brunton,  engineer 
to  the  Birmingham  and  Staffordshii-e  Gas  Company,  whose  only 
works  at  that  time  were  situated  at  Swan  Village,  Westbromwich. 
On  Mr.  Brunton's  retiring,  !Mr.  Clift  succeeded  him  as  Engineer 
to  the  company,  which  position  he  held  for  more  than  twenty  years. 
During  that  time  he  designed  and  constructed  a  second  gas  works 
for  the  company,  the  Pagoda  Works  in  Adderley  Street,  Bii'mingham ; 
and  the  demand  for  gas  increasing  so  rapidly,  in  1858  he  began  a 
third  gas  woi'ks  for  the  company,  at  Saltley.  Under  his  management 
the  company  prospered  greatly,  paying  high  dividends  and 
accumulating  a  large  reserve  fund.  In  1858  he  resigned  his 
appointment  with  this  company,  and  was  invited  to  Redditch  to 
construct  gas  works  there,  which  he  did  on  his  own  account,  and 
the  town  was  successfully  lighted  in  1859 ;  these  works  wei'e 
transfeiTed  to  a  company  in  1873,  in  consequence  of  his  health 
failing.  Mr.  Clift  also  built  the  gas  works  at  Longton  and  at 
Rowley  Regis ;  and  acted  as  consulting  engineer  to  the  gas  works 
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at  Lincoln,  Gainsborougli,  Tring,  Grantham,  Weston-super-mare, 
Oswestry,  Chesliam,  and  other  towns.  At  many  of  these  works  the 
firebrick  gas  retorts  or  ovens  introduced  by  him,  and  known  by  his 
name,  have  been  successfully  at  work  for  a  number  of  years,  in  place 
of  the  former  cast-iron  retorts  ;  of  these  retorts  he  gave  a  description 
to  the  Institution  in  1852  (see  Proceedings  Inst.  M.  E.  1852  page 
178).  In  1859  he  went  to  Paris  to  report  upon  the  gas  works 
there ;  and  in  1864  to  Russia  with  a  view  of  erecting  new  works  at 
Moscow  and  St.  Petersburg.  He  had  a  great  deal  of  parliamentary 
business  in  connection  vnth  gas  works,  and  was  instrumental  in 
getting  many  bills  passed.  In  September  1873  he  retired  to 
Cheltenham  for  the  benefit  of  his  health;  and  his  death  took 
place  suddenly  at  his  residence.  May  field,  Cheltenham,  on  26th  April 
1875,  at  the  age  of  58.  He  was  one  of  the  original  Members  of  the 
Institution  from  the  commencement  in  1847,  and  an  active  member 
of  the  Council  for  many  years. 

James  Dees  was  born  at  Meldon  near  Morpeth,  Northumberland, 
on  14th  March  1815.  Having  chosen  the  profession  of  civil 
engineer,  he  went  in  1845  to  Whitehaven,  Cumberland,  as  Resident 
Engineer  of  the  Whitehaven  and  Fumess  Railway  then  being 
constructed  under  Mr.  George  Stephenson,  Mr.  Robert  Stephenson, 
and  Mr.  Longridge.  After  completing  that  line,  extending  from 
Foxfield  to  Whitehaven,  and  also  the  Wliitehaven  Tunnel  connecting 
the  Fui'ness  line  with  the  Whitehaven  Junction  Railway,  he  was 
appointed  engineer  of  the  first  wet  dock  at  Maryport,  which  he 
successfully  finished.  He  was  one  of  the  promoters  of  the  scheme 
for  making  a  railway  from  the  haematite  district  in  that 
neighbourhood,  .which  resulted  in  the  opening  in  1856  of  the 
Whitehaven  Cleator  and  Egremont  Railway,  Mr.  Dees  being  chief 
engineer  and  subsequently  a  director.  About  1853  he  commenced 
the  Whitehaven  brick  and  tile  works,  of  which  he  was  sole  proprietor; 
and  he  was  one  of  the  most  energetic  promoters  of  the  Solway 
Junction  Railway,  of  which  he  was  a  dii'ector  and  deputy  chairman. 
He  was  also  a  partner  in  the  Parkside  Mining  Co.,  whose  extensive 
operations  are  well  known.     He  was  a  magistrate  for  the  counties 
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of  Cumberland  and  Northumberland.  He  died  at  liis  residence, 
Riverdale,  Bellingliam,  Nortliumberland,  at  tbe  age  of  60,  on  lOtli 
September  1875,  after  but  a  few  hours'  illness  of  internal  hemorrhage. 
He  became  a  Member  of  the  Institution  in  1858. 

Peter  Boyd  Eassie  was  bom  at  Lochee,  Forfarshire,  on  17th 
April  1835.  He  was  for  some  years  partner  with  his  father,  'Mv. 
William  Eassie,  and  his  brother,  railway  contractors  and  proprietors 
of  the  Railway  Saw  Mills,  Gloucester,  and  was  latterly  manager  of 
the  same  concern  under  the  firm  of  William  Eassie  and  Co.  He 
carried  out  many  successful  railway  and  other  contracts,  involving 
difficult  cases  of  practical  engineering,  in  which  peculiar  machinery 
had  to  be  invented  by  him ;  and  among  his  many  successful 
inventions  were  an  elliptograph,  a  frictional  steam  hammer  in  use  in 
Scotland  so  constructed  that  several  steam  hammers  can  be  driven 
by  one  engine,  an  improved  swing  saw,  and  a  self-acting  steam 
pile-driver,  adopted  by  the  Admiralty  at  Chatham  and  Portsmouth, 
of  which  he  gave  a  description  to  the  Institution  in  1867  (see 
Proceedings  Inst.  M.  E.  1867  page  255).  He  was  the  author  of 
a  work  upon  "Wood  and  its  uses,"  which  met  with  an  extensive 
circulation  in  this  country  and  America;  and  he  had  lately 
completed  a  pamphlet  on  the  wages  question,  embodying  much 
original  thought.  His  death,  which  was  entirely  traceable  to 
overwork,  took  place  on  26th  June  1875,  at  the  age  of  40.  He 
became  a  Member  of  the  Institution  in  1859,  at  which  time  he 
was  engaged  upon  the  construction  of  the  Cornwall  Railway. 

Henry  William  Harman  was  born  in  1815,  and  served  his 
apprenticeship  with  Messrs.  Maudslay  and  Field,  London.  In  18l!0 
he  entered  the  service  of  the  Great  Western  Steam  Ship  Co.  at 
Bristol,  and  assisted  in  superintending  the  construction  of  the 
"Great  Britain."  On  her  completion  in  1845  he  bec.ime  chief 
engineer  at  Mr,  W.  Pitcher's  dockyard,  Northfleet,  until  1858, 
during  which  time  many  well-known  vessels  were  constructed  there. 
In  1850  he  was  appointed  Chief  Engineer  to  the  Manchester 
Association  for  the  prevention  of   Steam  Boiler  Explosions,  from 
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wKich  he  retired  in  1861  to  take  the  management  of  the  business  of 
Messrs.  Wm.  Fairbairn  and  Co.,  Manchester,  and  on  its  transformation 
into  the  Faii'bairn  Engiaeeriug  Co.  he  was  retained  as  engineer 
and  manager,  which  position  he  resigned  in  1873  owing  to  failing 
health.  After  travelling  on  the  Continent  for  a  time  he  returned 
to  England  apparently  restored ;  but  shortly  afterwards  was  attacked 
by  a  painful  and  protracted  illness,  fi'om  which  he  died  on  28th 
September  1875,  at  the  age  of  60.  He  became  a  Member  of  the 
Institution  in  1859. 

George  Harrison  was  born  in  Liverpool  on  4th  Jane  1815. 
After  serving  his  apprenticeship  as  an  engineer  with  ^Messrs.  Mather 
Dixon  and  Co.  of  Liverpool,  and  Messrs.  Jones  of  Newtou-le- Willows, 
he  went  to  France,  and  became  Locomotive  Superintendent  at 
Paris  of  the  Paris  and  Rouen  Railway  on  its  opening  in  1843, 
and  remained  there  until  appointed  Locomotive  and  Carriage 
Superintendent  of  the  Orleans  and  Bordeaux  Railway ;  this 
appointment  he  held  until  the  revolution  of  1848,  wliich  compelled 
him  to  return  to  England.  He  afterwards  became  Locomotive 
Superintendent  of  the  Scottish  Central  Railway,  and  other  lines 
associated  with  it,  which  appointment  he  held  until  the  construction 
of  the  Grand  Trunk  Railway  of  Canada  in  1853.  He  was  then 
consulted  by  Messrs.  Peto  Brassey  and  Betts,  in  reference  to  the 
construction  of  the  locomotives  for  this  railway,  and  thereupon 
visited  Canada ;  and  on  his  repoi't  it  was  decided  to  establish  works 
in  England  in  preference  to  Canada,  for  the  consti'uction  of  the 
locomotives  and  the  wi'ought-iron  bridges.  The  Canada  Works  at 
Birkenhead  were  accordingly  established,  with  which  he  remained 
connected  up  to  the  time  of  his  death.  Here  the  great  bridge  over 
the  river  St.  Lawa*ence  was  made ;  and  since  the  completion  of  the 
Grand  Trunk  Railway,  the  works  have  been  successfully  caiTied  on 
under  his  supervision,  having  executed  railway  work  of  a  gigantic 
character  for  lines  in  this  and  many  other  countries.  Mr.  Harrison 
was  also  for  a  time  manager  of  the  ]\lillwall  Iron  Works,  London, 
and  of  the  Humber  Iron  Works,  Hull.  Twenty  years  ago  he 
became    a    Commissioner    for   Birkenhead,   and   was   the   first  to 
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propose  the  introduction  of  the  large  saloon  steamers  at  Woodside 
Ferry  on  the  river  Mersey ;  he  never  ceased  agitating  the  question 
at  the  meetings  of  the  Board,  untQ  the  present  splendid  class  of 
ferry  steamers  were  placed  on  the  station.  The  new  portion  of  the 
great  landing  stage  at  Liverpool  was  constructed  at  the  Canada  Works, 
but  on  the  eve  of  its  completion  was  destroyed  by  fire ;  the  anxiety 
consequent  upon  this  unfortumate  accident  preyed  much  upon  ^Ir. 
Harrison's  mind,  and  he  had  a  gi*eat  desire  to  see  the  re-construction 
completed.  His  health  however  failed  before  the  work  was 
accomplished,  and  he  died  in  London  on  1st  June  1875,  in  the 
60th  year  of  his  age.  He  became  a  ^Member  of  the  Institution 
in  1856,  and  was  for  many  years  a  member  of  the  Council. 

Charles  William  Hawkixs,  son  of  the  Rev.  H.  A.  Hawkins, 
Vicar  of  TopcLLffe,  Thii'sk,  was  born  on  8th  July  1839.  He  served 
his  apprenticeship  in  the  locomotive  works  of  Messrs.  R.  Stephenson 
and  Co.,  Xewcastle-on-Tyne,  in  whose  employment  he  afterwards 
continued  as  draughtsman  until  1861 ;  and  then  went  to  Doncaster 
under  !Mr.  Ai'chibald  Sturrock,  locomotive  superintendent  of  the 
Great  K^orthern  Railway,  serving  as  a  fitter  in  the  running  shed 
and  also  as  fireman  on  goods  and  passenger  trains.  In  1865  he 
became  District  Locomotive  Superintendent  at  Leeds,  where  he 
remained  until  1869,  when  he  was  appointed  Locomotive  and  Carriage 
Superintendent  of  the  Great  Indian  Peninsula  Railway,  embracing 
1275  miles  of  opened  line.  He  was  characterised  by  great  energy 
and  ability,  and  held  this  position  till  his  death,  which  occurred 
suddenly  from  heart  disease  on  3rd  August  1875,  at  the  age  of  36. 
He  became  a  Member  of  the  Institution  in  1873. 

Edward  Lord  was  bora  on  1st  March  1812,  being  the  youngest 
son  of  Mr.  John  Lord  of  Todmorden,  who  in  1835  commenced  with 
six  of  his  sons  the  business  of  machinists  at  Clough  Walsden, 
subsequently  removing  to  the  Canal  Street  Works,  Todmorden, 
■where  the  two  businesses  of  machinists  and  cotton  spinners  were 
carried  on  under  the  firm  of  Lord  Brothers,  of  which  Mr.  Edward 
Lord  was  the  last  surviving  member.    It  was  no  doubt  to  his  business 
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aptitude  and  mechanical  skill  that  the  leading  position  of  the  firm 
was  greatly  due,  their  business  extending  to  every  country  where 
cotton  machinery  is  employed ;  and  his  name  is  associated  with  some 
of  the  most  useful  inventions  in  that  class  of  machinery.  He  also 
gave  his  support  to  every  means  for  the  prosecution  of  scientific 
enquiry.  He  was  one  of  the  founders  of  the  Carnforth  Haematite 
Iron  Co.,  and  a  director  of  the  Norton  Iron  Co..  the  Beverley 
Iron  Co.,  and  many  other  companies  in  England  and  elsewhere. 
His  death  took  place  at  his  residence,  Adam  Royd,  Todmorden, 
on  10th  September  1875,  in  the  64th  year  of  his  age.  He  became 
a  Member  of  the  Institution  in  1866. 

Joshua  Llewelyn  Morgan  was  born  on  10th  April  1820,  at 
Llanelly,  Breconshire,  and  studied  engineering  and  chemistry  at 
King's  College,  London.  His  first  engagement  of  any  consequence 
was  that  of  furnace  manager  at  the  Victoria  Iron  Works, 
Monmouthshire,  and  in  1847  he  was  appointed  assistant  manager 
of  the  Cwm  Avon  Copper  Works.  In  1849  he  went  out  to  Australia 
and  visited  the  celebrated  Burra  Bui'ra  Copper  mines  and  others ; 
he  then  went  to  Sydney,  New  South  Wales,  and  on  his  way 
inspected  the  Fitzroy  Iron  Works  by  the  desire  of  the  owners.  In 
1850  he  formed  vnth  other  gentlemen  a  company  for  smelting 
copper,  of  which  he  was  appointed  manager,  and  erected  works 
for  that  pui'pose  at  Burwood,  near  Newcastle,  on  the  Hunter  river. 
In  1852  large  coalfields  in  the  vicinity  were  added  to  the  property 
of  the  company,  and  they  then  carried  on  operations  under  the 
title  of  the  Newcastle  Coal  and  Copper  Co.  The  discovery  of 
gold  in  the  neighbouring  colony  of  Port  Philip  just  at  that 
time  rendered  all  manufacturing  industries  nearly  impossible,  in 
consequence  of  the  scarcity  of  labour;  and  in  1853  the  company 
abandoned  the  copper  works,  and  developed  more  fully  their  rich 
coalfields.  Mr.  Morgan  continuing  to  act  as  manager  made  a 
railway  for  the  conveyance  of  coal  from  Burwood  to  Newcastle, 
overcoming  great  difficidties  in  the  form,  of  almost  impracticable 
country  and  great  scarcity  of  competent  assistance.  In  1855  he 
was  engaged  to  conduct  an  experiment  which  had  previously  failed 
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for  smelting  copper  ore  with  wood  as  fuel,  at  a  place  called  Ophir, 
about  100  miles  from  Sydney ;  lie  reconstructed  the  works  on  his 
own  principle  and  succeeded  in  the  experiment.  He  afterwards 
returned  to  his  former  post  of  manager  of  the  Newcastle  Coal  and 
Copper  Co.,  which  he  retained  till  1861^,  when  he  returned  to 
England.  He  did  not  at  once  engage  in  any  employment,  but 
visited  the  principal  ironworks  in  England  and  Wales,  and  studied 
assiduously  all  the  latest  improvements  in  his  profession.  In  1869 
he  became  manager  of  the  Clydach  Iron  Works,  Breconshire, 
which  post  he  held  till  1874,  when  he  became  managing  partner 
of  the  WHdon  Iron  Works,  near  Abergavenny,  these  works  he 
reconstructed  thoroughly,  and  was  managing  them  as  successfully 
as  the  depressed  state  of  trade  would  admit,  when  he  met  with  an 
accident  in  the  works,  which  was  the  cause  of  his  instant  death, 
on  5th  January  1875,  in  the  55th  year  of  his  age.  He  became  a 
Member  of  the  Institution  in  1864. 

George  Peel,  Jcn.,  was  born  in  Manchester  on  24th  February 
1828,  and  became  early  connected  with  the  firm  of  Messrs.  Peel 
Williams  and  Peel,  Soho  Iron  Works,  Manchester  ;  he  did  not  serve 
any  time  in  the  shops,  but  his  many  years'  experience  at  the  works 
gave  him  a  thorough  insight  into  the  requisites  and  niceties  of  good 
work.  His  death  took  place  in  London  on  10th  March  1875,  at  the 
age  of  47,  after  a  long  and  painful  illness.  He  became  a  Member 
of  the  Institution  in  1866. 

George  Taylor  was  bom  at  Low  Moor,  near  Bradford,  on  8th 
August  1820,  and  in  early  years  served  at  the  Low  Moor  Iron  Works 
as  a  hammerman ;  he  afterwards  entered  the  works  of  Messrs.  Cooper 
Field  and  Hood,  Leeds,  where  he  remained  until  1857.  In  conjunction 
with  his  brothers,  James  and  Samuel  Taylor,  he  then  established 
the  Clarence  Iron  Works,  Leeds,  for  the  manufacture  of  best 
York.shire  iron,  adding  afterwards  the  manufacture  of  crucible  cast 
steel.  He  distinguished  himself  particularly  in  the  manufacture 
of  large  forgings,  such  as  locomotive  crank-axles,  for  which  his 
firm  enjoyed  a  high  reputation,  he  himself  having  been  one  of  the 
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earliest  workmen  who  forged  a  locomotive  double  crank-axle  from 
one  solid  piece  of  iron ;  and  lie  was  well  known  for  Ms  skill  in  that 
description  of  work.  After  his  brothers'  death  he  continued  to  carry- 
on  the  business  until  the  time  of  his  death,  which  occurred  on  19th 
June  1875,  in  the  55th  year  of  his  age,  from  the  bursting  of  a 
blood  vessel.     He  became  a  Member  of  the  Institution  in  1861. 

John  Webster  was  born  at  Aberdeen  in  September  1840, 
and  received  his  training  as  an  engineer  in  the  works  of  Messrs. 
Mackinnon  and  Co.,  Aberdeen.  In  1860  he  went  to  Bahia, 
Brazil,  as  draughtsman  and  millwright  to  Messrs.  Cameron  Smith 
and  Co.  for  three  years.  He  then  commenced  business  at  Bahia 
with  Mr.  Hopkins  under  the  firm  of  Hopkins  and  Webster,  which 
was  very  successful,  employing  250  workmen.  His  death  was 
occasioned  bj  an  accident  in  the  works  on  27th  December  1875, 
at  the  age  of  35.  In  the  same  week  the  first  iron  steamer  built 
in  Bahia  was  launched  from  the  works.  He  became  a  Member  of 
the  Institution  in  1875. 
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The  Annual  Keport  of  tlie  Council  having  been  received  and 
adopted  by  the  Meeting,  the  Chaiiman  announced  that  the  Ballot 
Lists  had  been  duly  opened,  and  the  following  Officers  and  Membei-s 
of  Council  were  found  to  be  elected  for  the  ensuing  year  : — 


PRESIDENT. 


Thomas  Hawksley, 


VICE-PRESIDENTS. 

I.  LowTHiAN  Bell,  M.P.,  F.R.S., 
John  Hick,  M.P.,    .... 

William  Menelaus, 

John  Robinson,       .... 

Charles  P.  Stewart,  . 

Percy  Gt.  B.  Westmacott, 

council. 
Daniel  Adamson, 

John  Anderson,  LL.D.,  F.R.S.E.,   . 
Joseph  Armstrong, 
Heney  Bessemer,     .... 
Jeremla-H  Head,  .... 
Henry  H.  Laird,     .         .         .        . 


London. 


Middlesbrough. 

Bolton. 

Dowlais. 

Manchester. 

London. 

Newcastie-on-Tyne. 


.  Manchester. 

London. 
.  Swindon. 

London. 
.  Middlesbrough. 

Birkenhead. 


Sir 


past-presidents. 
Ex-officio  permanent  Memhers  of  Council. 
William    G.    Armstrong,    C.B., 


D.C.L.,  LL.D.,  F.R.S., 
Frederick  J.  Bramwell,  F.R.S., 
James  Kennedy, 
Robert  Napier, 
John  Penn,  F.R.S.,     . 
John  Ramsbottom,   . 
C.  William  Siemens,  D.C.L.,  F.R.S.,  London. 
Sir  Joseph  Whitworth,  Bart.,  D.C.L., 

LL.D.,  F.R.S.,      ....  Manchester 


Newcastle-on-Tyne. 

London. 

Livei'pool. 

Glasgow. 

London. 

Manchester. 
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COUNCIL. 

Members  of  Council  remaining  in  office. 

Charles  E.  Amos, London. 

E.  Hamer  Carbutt,  ....  Bradford. 

William  Clay, Bii^kenlaead. 

Charles  Cochrane,  ....  Stourbridge. 

Edward  A.  Cowper, London. 

Edward  Easton, London. 

Frederick  W.  Kitson,  ....  Leeds. 

Walter  Mat, Birmingham, 

Francis  W.  Webb, Crewe. 


Mr.  Bramwbll  said  it  was  with  sincere  pleasure  that  he  called 
upon  Mr.  Hawksley  to  take  the  Chair,  to  which  he  had  been  elected 
by  the  votes  of  the  Members ;  and  he  was  sure  in  that  election  they 
had  consulted  the  interests  of  the  Institution,  and  he  congi'atulated 
them  upon  Mr.  Hawksley's  election  as  President. 

Mr.  Hawksley,  on  then  taking  the  Chair,  expressed  his  thanks 
to  the  Members  for  the  honour  they  had  done  him  in  electing  him 
President  of  the  Institution.  During  his  term  of  office  he  should 
certainly  do  aU  in  his  power  to  promote  the  best  interests  of  the 
Institution.  It  was  a  growing  Institution,  which  promised  to 
become  of  the  greatest  importance  to  the  country,  and  was  certainly 
not  unimportant  at  the  present  time.  So  far  as  he  could  contribute 
to  its  advancement  during  the  period  that  he  had  the  honour  of 
occupying  the  presidential  chair,  the  Members  might  rely  upon  his 
best  efforts. 

The  following  New  Members  were  declared  to  be  duly  elected  : — 

MEMBERS. 

William  Armstrong,  Jun.,     .         .        .        .  Durham. 

William  Carson, Birkenhead. 

William  John  Coe, Liverpool. 

John  Donaldson, London. 

John  Corky  Fell, London. 
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William  Frost, Sheffield. 

W1LLLA.M  Prideaux  Naish,     ....  Birmingliain. 
James  Salkeld  Robinson,         .        .         .       Rochdale. 

WiLLUM  Smethurst, Wigan. 

John  Smith, Rochdale. 

Christopher  Spriggs, Manchester. 

John  Isaac  Thorntcroft,  ...       London. 

Richard  Francis  Trevithick,        .         .        .  Rosario. 
Samuel  William  Worssam,       .         .        .       London. 

GRADUATE. 

Joseph  Davis,       ......  Manchester. 


Mr.  A.  Paget  moved  that,  "with  a  view  to  making  the  Rules 
accord  with  the  practice  of  the  Institution,  the  first  article  of 
section  V  be  altered  to  stand  as  follows : — "  There  are  to  be  four 
General  Meetings  in  each  year,  three  to  be  held  in  Birmingham  or 
London,  or  elsewliere,  on  the  fourth  Thursday  in  the  months  of 
January,  April,  and  October,  or  on  such  other  dates  as  the  Council 
shall  deem  rtiore  convenient,  and  the  fourth  to  be  an  Annual  Meeting 
held  in  the  summer  in  different  localities  to  be  arranged  by  the 
Council ;  the  January  Meeting  to  be  the  Anniversary  Meeting  for 
the  annual  election  of  officers."  He  stated  that  the  only  object 
of  the  proposed  alteration  was  to  give  the  Council  power  by  the 
rules  for  appointing  the  meetings  on  the  days  that  might  be  found 
most  convenient  in  each  case,  as  it  had  proved  advantageous 
sometimes  to  vary  the  dates  of  the  meetings  from  the  days 
originally  appointed  by  the  rules. 

The  resolution  was  seconded  by  Mr.  H.  Chapman,  and  passed 
unanimously. 

Mr.  A.  Paget  moved  that  the  third  article  of  section  III  be 
altered  to  stand  as  follows : — "  All  applications  for  admission  to 
be  communicated  by  the  Secretary  to  the  Council  for  their  approval, 
previous  to  being  inserted  in  the  ballot  list  for  the  election;  and 
the  approved  ballot  list  to  be  then  forwarded  to  the  Members. 
The  ballot   list  to  specify  the  name,    occupation,  and   address  of 
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tlie  candidates,  and  also  by  whom  proposed  and  seconded.  The 
lists  to  be  opened  only  in  the  irresence  of  the  Council  on  tlie  day  of 
election,  by  a  committee  to  be  appointed  for  that  purpose."  He 
said  that  the  resolution  was  intended  only  to  make  the  rules 
correspond  with  the  practice  in  the  mode  of  opening  the  ballot 
papers ;  and  he  thought  that  the  system  according  to  the  rules,  or 
the  one  now  proposed  would  be  equally  satisfactory,  and  the  only 
important  point  was  that  the  rules  and  the  practice  should  accord. 

Mr.  Bramwell  seconded  the  resolution,  and  said  that  the 
practice  had  been  adopted  only  for  the  purpose  of  saving  the  time 
of  the  meetings,  and  was  found  to  work  well,  and  he  thought  it 
therefore  advisable  for  the  rules  to  be  made  to  accord  with  the 
practice. 

The  resolution  was  passed  unanimously. 

!Mi*.  A.  Paget  moved  "  That  this  Meeting  requests  the  Council 
to  ask  by  circular  the  opinion  of  each  Member  of  the  Institution 
as  to  whether  it  is  desirable  to  move  the  head-quarters  of  the 
Institution  to  London."  He  said  that  power  had  already  been  given 
to  the  Council  to  ask  the  opinion  of  the  ]\Iembers  by  cii'cular  upon 
any  question  respecting  the  Institution,  in  order  to  enable  the 
Council  to  conduct  the  Institution  in  accordance  with  the  wishes 
of  the  members.  The  object  of  the  resolution  was  to  obtain  the 
opinion  of  the  members  upon  the  question  whether  London  or 
Birmingham  was  the  best  town  for  the  head-quarters  of  the 
Institution. 

Mr.  J.  Platt  seconded  the  resolution,  and  said  he  thought  it 
was  desirable  that  the  question  should  be  settled,  and  to  facilitate 
this  the  views  of  each  Member  ought  to  be  ascertained. 

Mr.  J.  Wright  considered  that  as  the  head- quarters  of  the 
Institution  had  been  established  for  a  great  number  of  years  in 
its  present  position  in  the  centre  of  the  country  in  the  Midland 
Counties,  and  many  of  the  members  had  joined  it  on  that  account, 
its  position  was  the  most  convenient,  and  he  objected  to  any 
removal. 
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'Mr.  W.  L.  Wise  remarked  that  the  present  question  was  not 
whether  the  Institution  should  be  removed  to  London,  but  the 
object  of  the  motion  was  to  ascertain  whether  the  majority  of  the 
Members  considered  the  head-quarters  should  be  there  ;  and  any 
resolution  come  to  would  not  in  any  way  commit  the  Institution 
on  the  main  question. 

'Mx.  C.  W.  Siemens  objected  to  the  resolution  on  the  grounds 
that  full  powers  had  ah'eady  been  given  to  the  Council  for  acting 
in  the  manner  proposed  whenever  they  might  consider  it  desirable 
in  the  interests  of  the  Institution;  but  the  decision  about  this 
rested  with  the  Council  who  were  necessai'ily  in  the  best  position 
for  judging  about  its  desu'ability,  and  the  resolution  proposed 
would  be  as  it  were  a  reproach  on  the  Council,  He  suggested  that 
the  proper  coui'se  for  carrying  out  the  object  of  the  resolution 
would  be  to  memorialise  the  Council  on  the  subject. 

Mr.  E.  A.  CowpER  considered  the  resolution  unnecessary  as  the 
Council  had  already  the  power  to  issue  a  circular  for  ascertaining 
the  opinions  of  the  Members,  but  it  would  not  be  suitable  for 
this  to  be  done  on  every  question  that  might  be  raised.  He 
thought  more  time  should  be  given  for  the  consideration  of  the 
subject  by  the  Council,  and  that  this  would  be  best  left  in  the 
hands  of  the  Council,  who  felt  the  greatest  interest  and  anxiety 
to  do  the  best  possible  for  the  Institution;  and  he  thought  the 
^Members  might  have  full  confidence  that  the  subject  would  be 
properly  dealt  with  by  them. 

Mr.  Bramwell  thought  that  the  resolution  was  not  a  proper 
one  to  be  put,  as  it  tended  to  coerce  the  Council  in  their  action; 
and  it  was  certain  that  no  Institution  could  be  satisfactorily  carried 
on  if  the  CouncU  were  not  allowed  to  exercise  their  proper 
discretion  and  were  controlled  by  resolutions  giving  directions  as 
to  what  they  ought  to  do.  The  proper  coui'se  was  to  memorialise 
the  Council  upon  any  question  that  might  ari.se. 
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Mr.  Jeremiah  Head  considered  that  presenting  a  memorial  was 
the  only  proper  coui'se,  and  urged  the  withdrawal  of  the  resolution. 

Mr.  R.  H.  TwEDDELL  was  sure  that  in  the  proposal  of  the 
resolution  there  had  not  been  any  idea  of  interfering  with  the 
action  of  the  Council,  and  no  intention  of  implying  any  doubt 
that  they  would  carry  out  whatever  was  best  for  the  interests  of 
the  Institution. 

Mr.  P.  D.  Bennett  thought  a  memorial  to  the  Council  was  the 
respectful  mode  of  proceeding  in  the  matter,  but  he  could  not 
understand  why  there  should  be  the  frequent  attempts  to  alter 
the  constitution  of  the  Institution  and  remove  it  from  the  town 
where  it  had  been  established,  where  its  present  position  in  the 
mechanical  world  had  been  achieved,  and  where  therefore  its 
permanent  home  should  remain. 

Mr.  C.  Cochrane  said  if  the  removal  to  London  should  reaUy 
be  for  the  interest  of  the  Institution  he  would  cheerfully  see  it 
removed ;  but  he  thought  a  memorial  to  the  Council  was  the  proper 
way  to  deal  with  the  matter,  and  was  sure  the  Council  had  no 
other  interest  in  view  than  that  of  the  Institution. 

Mr.  A.  Paget  said  that  he  had  certainly  been  taken  by  surjjrise 
in  this  matter,  he  thought  both  his  general  conduct  in  his  endeavours 
for  the  good  of  the  Institution  and  the  wording  of  his  resolution 
gave  proof  that  he  had  no  wish  to  coerce  the  Council  in  the  slightest 
degree.  It  had  been  known  since  he  gave  notice  of  this  resolution  at 
the  Nov.  meeting  that  he  intended  to  bring  it  forward  at  this  meeting, 
but  until  now  he  had  received  no  intimation  that  the  resolution 
would  be  considered  by  the  Council  as  in  any  way  objectionable,  or 
that  they  would  prefer  a  memorial ;  if  any  such  intimation  had  been 
given  to  him  it  would  have  received  immediate  consideration,  but  he 
thought  it  was  rather  late  to  be  told  only  now  that  the  Council 
objected  to  the  resolution  and  would  prefer  a  memorial.  However 
to  show  that  he  had  not  the  slightest  wish  to  oppose  the  Council  or 
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to  put  any  slight  upon  them,  either  imaginary  or  real,  he  would 
withdraw  the  resolution  and  would  pledge  himself  to  prepare  a 
memorial  and  get  it  signed  by  those  members  who  wished  to  do 
so ;  the  withdrawal  of  the  resolution  must  be  subject  to  the  consent 
of  the  meeting,  because  he  felt  pledged  to  many  members  to  bring 
this  matter  forward. 

The  President  expressed  his  approval  of  the  suggestion  to 
withdi^aw  the  resolution  and  substitute  a  memorial  to  the  Council. 
The  resolution  was  then  withdrawn  by  consent  of  the  meeting. 

ISIr.  A.  Paget  said  he  had  given  notice  of  another  resolution, 
"  That  this  Meeting  requests  the  Council  to  ask  by  circular  the 
opinion  of  each  Member  of  the  Institution  as  to  whether  the 
scientific  papers  shall  be  allowed  to  give  reports  of  the  meetings 
or  not ;  and  to  communicate  the  result  to  the  Members,"  but  he 
had  since  perceived  that  an  addition  was  required  for  meeting  any 
occasion  when  it  might  not  be  desirable  in  the  interests  of  the 
Institution  for  the  proceedings  to  be  made  public ;  and  if  the 
Council  had  not  stated  that  they  preferred  a  memorial  to  a 
resolution  he  should  have  proposed  to  add  to  this  resolution  that  "  if 
at  any  meeting  a  majority  of  the  members  resolve  that  any  part  of 
the  meeting  shall  be  private,  all  visitors  shall  then  be  requested  to 
withdraw,  and  the  members  shall  regard  the  proceedings  as  private, 
and  not  to  be  communicated  to  any  one  except  members  of  the 
Institution."  However  as  the  Council  preferred  a  memorial,  he 
would  withdraw  the  resolution,  with  the  intention  of  bringing  the 
subject  forward  in  a  memorial. 


The  adjourned  discussion  was  then  resumed  upon  the  paper  read 
at  the  last  meeting,  "  On  the  Ultimate  Capacity  of  Blast  Furnaces," 
by  Mr.  Charles  Cochrane,  of  Stourbridge,  (see  Proceedings  Inst. 
M.  E.  Nov.  1875  page  334.) 
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ON  THE  ULTIMATE  CAPACITY  OF  BLAST  FURNACES. 


By  Mk.  CHARLES  COCHRANE,  of  Stourbridge. 


(Adjotirned  Discission.) 

Mr.  C.  W.  Siemens  was  liappy  to  bear  testimony  to  the  value  of 
the  practical  information  contained  in  the  paper  under  discussion. 
The  subject  of  blast-fui-nace  economy  had  been  brought  before  the 
Institution  some  years  ago  by  Mr.  Cochrane,  from  whom  he  had  at 
that  time  been  obliged  to  differ  as  to  some  of  the  conclusions  then 
drawn;  In  the  present  paper  it  was  admitted  that  the  theories 
previously  advanced  had  not  been  fully  realised ;  but  the  correctness 
of  the  former  views  was  still  maintained,  and  the  defects  were 
attributed  to  the  imperfect  working  of  the  furnaces. 

The  title  of  the  present  paper — on  the  ultimate  capacity  of  blast 
furnaces — was  one  from  which  he  differed  entirely,  for  he  considered 
as  an  abstract  principle  there  could  be  no  such  thing  as  an  ultimate 
capacity.  It  was  possible  to  conceive  that,  under  the  condition  of 
charging  the  furnace  with  perfectly  uniform  materials,  one  form  of 
furnace  might  be  more  suitable  for  developing  maximum  results 
than  another ;  but  even  in  that  case  he  would  not  go  so  far  as  to  say 
that  these  maximum  results  would  be  attained  with  a  particular 
capacity  or  a  particular  height  of  furnace.  The  operation  performed 
in  the  furnace  was  simply  a  chemical  one :  the  ironstone  was  first 
heated,  and  then  acted  upon  chemically  and  then  smelted,  and 
tapped  from  the  bottom  of  the  furnace.  He  did  not  see  what 
there  was  in  this  operation,  more  than  in  any  other  chemical 
process,  which  should  predispose  it  to  give  the  best  resu.lts 
when  carried  out  on  a  particular  scale ;  and  he  believed  that  the 
same  chemical  action  would  be  carried  on  in  precisely  the  same 
manner  in  two  blast  fui'naces,  one  of  which  was  only  half  the 
capacity  of  the  other,  and  blown  with  only  half  the  quantity  of 
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blast,  and  tliat  the  same  results  in  economy  of  fuel  would  be 
realised  in  both  furnaces.  If  it  were  attempted  to  give  a  general 
application  to  the  principle  advocated  in  the  paper,  his  own 
observations  would  lead  him  to  differ  entirely ;  for  in  South  Wales, 
for  instance,  where  the  hard  Durham  coke  of  the  Cleveland  district 
could  not  be  obtained,  and  the  coke  used  was  extremely  weak, 
it  would  be  quite  out  of  the  question  to  erect  a  furnace  of  such 
height  and  capacity.  But  he  considered  that,  in  the  case  of  the 
Cleveland  district,  the  objection  applied  equally  against  the  theory 
of  an  ultimate  capacity  attended  with  a  maximum  economy  of  fuel. 
It  appeared  to  him  that  the  paper  omitted  to  take  cognisance  of  the 
chemical  action  going  on  in  the  furnace :  the  heat-absorbing  capacity 
of  the  material,  and  the  consequent  reduction  in  temperature  of  the 
escaping  gases,  seemed  to  be  taken  as  the  only  criterion  by  which 
the  results  ought  to  be  judged.  But  it  must  surely  be  admitted  that 
the  economical  results  must  depend  largely  upon  the  chemical 
conditions  of  the  operation.  If  in  one  case,  the  escaping  gases 
contained  no  carbonic  acid  but  only  carbonic  oxide,  and  in  another 
case  the  carbonic  oxide  was  accompanied  by  20  or  30  per  cent,  of 
carbonic  acid,  the  result  must  be  widely  different  in  economy,  even 
though  the  temperature  of  the  escaping  gases  at  the  furnace  top 
misrht  be  the  same  in  both  cases.  If  this  element — the  chemical 
result  of  the  operation — were  taken  proper  cognisance  of,  the  mere 
question  of  capacity  would  sink  into  the  second  place,  and  the 
chemical  action  would  be  the  most  important  consideration  for  blast 
furnaces.  As  a  record  of  results  on  a  large  scale  he  thought  the 
paper  was  extremely  valuable. 

Mr.  E.  A.  CowPER  did  not  quite  agree  in  the  identity  of  the 
action  taking  place  in  blast  furnaces  of  different  sizes.  Supposing 
there  were  two  furnaces,  one  exactly  half  the  size  of  the  other,  and 
supposing  exactly  the  same  action  took  place  in  both,  then  of  course 
one  would  simply  be  doing  twice  as  much  work  as  the  other,  with 
the  same  result  in  economy  of  fuel ;  but  he  did  not  think  that  in  the 
actual  working  of  blast  furnaces  the  same  result  would  be  obtained 
in  one  furnace  as  in  another  of  twice  the  size ;  and  this  was  the 
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whole  question.  By  increasing  the  capacity  of  furnace  beyond  what 
was  sufficient  for  the  completion  of  the  chemical  action,  the  further 
advantage  claimed  in  the  paper  was  obtained,  of  gaining  in  addition 
a  heating  zone,  in  which  little  or  no  chemical  action  took  place,  but 
in  which  heat  that  would  otherwise  have  escaped  from  the  furnace 
was  saved,  and  was  utilised  for  heating  the  incoming  materials.  By 
this  means  the  same  additional  economy  was  realised  that  would  be 
obtained  by  heating  the  materials  beforehand,  instead  of  charging 
them  cold. 

Mr.  Cochrane  said,  in  reply  to  Mr.  Bell's  observations,  it  was 
evident  that  he  was  still  impressed  with  the  coi'rectness  of  his 
formerly  expressed  opinion  that  there  is  a  positive  evolution  of  heat 
in  the  upper  region  of  a  blast  furnace  which  must  defeat  any  attempt 
to  abstract  sensible  heat  from  the  gases  after  a  capacity  of  say 
15,000  cub.  ft.  has  been  attained,  and  after  the  temperature  of  the 
escaping  gases  has  been  lowered  to  about  560°,  whilst  he  alluded  to 
782°  as  something  like  a  maximum  and  464°  as  a  minimum  for  their 
temperature  in  regular  work.  On  the  accuracy  of  this  opinion  or 
deduction  now  turns  the  entire  diffei'ence  under  discussion,  for  it 
will  be  observed  that  at  a  furnace  of  15,000  cub.  ft.  Mr.  Bell  now 
claims  to  be  working  with  as  little  as  20' 70  cwt.,  which  by  the  way 
is  2  cwt.  better  than  he  claimed  for  a  furnace  of  such  capacity 
when  he  laid  down  his  curve.  No  one  will  more  frankly  admit 
than  he  that  if  the  temperatui^e  of  the  escaping  gases  can  be 
lowered  200°  by  opposing  additional  incoming  material  to  its 
influence,  there  is  room  to  save  nearly  2  cwt.  of  fuel  per  ton  of  iron 
made,  which  would  reduce  his  consumption  to  18  "70  cwt.  That  such 
lowering  of  temperature  is  possible  is  incontestibly  shown  by  hourly 
observations  over  many  months,  and  it  has  been  not  the  least 
gratifying  part  of  the  writer's  observations  to  find  that  during  the 
eight  months,  January  to  September  1875,  the  temperature  of 
escaping  gases  at  the  fui'nace  of  33,140  cub.  ft.  capacity  was 
reduced  to  374°,  which  was  to  within  9°  of  what  was  expected 
to  be  reached,  by  the  addition  of  13,452  cub.  ft.  to  the  furnace 
of   20,624  cub.  ft.      On  no  point  was  he  clearer  than   that   this 
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reduction  in  temperature  has  been  accomplished.     That  !Mi\  Bell 

has  failed  to  discover  any  difference  in  the  temperature  of  escaping 

gases  at  furnaces  of  11,500,  11,G00,  15,400,  17,500,  22,000,  and 

25,500   cub.    ft.,    only    proves   that   these    furnaces   were  in   the 

case  of  not  working  up  to  their  effective  capacity,  and  assuredly 

cannot    disprove   the  positive  results    attained    at   Ormesby   Iron 

\Y'orks.      He    urged,     by    way    of    attempting    to    disprove    the 

accuracy  of  the  writer"  s  observations,  that  to  have  attained  such 

a  low  average  as  374°  you  must  believe  that  the  larger  furnaces 

suffer  similar  fluctuations  in  their  tempei'ature  as  do  lesser  furnaces : 

so  with  342°  fluctuation  on  either  side  of  374°,  there  should  at  one 

time  be  a  temperature  more  than  high  enough  to  melt  lead,  716",  and 

at  another  low  enough  to  freeze  water.      But  it  is  one  of  the  direct 

results  of  the  increased  capacity  that  such  wide  and  objectionable 

fluctuations  cease,  and  are  limited  to  about  80°  on  either  side  of  the 

average  of  374° ;  so  that  the  lowest  temperature  attainable  is  about 

294°,  and  the  highest  that  need  exist  454°.      ISTor  are  these  low 

temperatures,  as  Mr.  Bell  surmises,  due  in  any  appreciable  degree  to 

the  possible  influence  of  moisture  in  the  coke,  which  by  evaporation 

and  the  absorption  of  sensible  heat  into  latent  might  tend  to  lower 

the  temperature  of  the  escaping  gases.     Every  day's  coke  has  been 

carefully  analysed  over  the  entire  period  of  the  observations,  and 

the  annual  results  are  shown  under  the  column  "Impurities  in  the 

Coke."     It  will  be  seen  that  in  1875  the  average  percentage  of 

water  was  only  0"46  over  the  eight  months,  so  that  the  coke  could 

only  have  contributed  046  cwt.  x  -Jqq  =0'09  cwt.  to  the  average 

weight  of  the  escaping  gases,  which  at  20'69  cwt.  of  coke  per  ton  of 

20fi9 
iron  would  amount  to  1324  x  2rTE  ~  ^'^^'^^  c^^-     ^^^  addition  to 

this  of  such  a  small  quantity  of  moisture  as  0"09  cwt.  need  not  for  a 

moment  be  considered  as  influencing  the  results  of  the  observations 

made. 

Mr.  Bell  was  unwilling  to  believe  in  the  explanation  or  rather 

theory  of  a  working  effective  capacity,  which  so  far  as  the  term  is 

used  in  the  paper  relates  only  to  duty  done  by  coke  per  ton  of  iron 

made,  the  normal  materials  of  Cleveland  being  always  understood ; 

but  when  he  is  told  that  there  has  been  positive  evidence  of  the 
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truth  of  this  in  the  ■working  of  the  furnace  of  40,500  cub.  ft.  capacity 

in  1871-1872  he  may  admit  its  accuracy.     For  many  consecutive 

mouths  that  fui'uace  worked  almost  entirely  over  the  back  tuyeres, 

so  that  for  one  charge  put  on  at  the  front  of  the  furnace  several 

■were  put  on  at  the  back.     This  could  only  arise  from  a  mechanical 

obstruction,  the  size  of  ■which  could  be  measured  so  far  as  concerned 

its   influence   on   temperature   of   escaping   gases.       In    1871    this 

obstruction  amounted   to  more   than  half  its  total  capacity :    not 

necessarily  that  there  ■was  a  solid  scaffold  of  this  magnitude  fused 

together  in  one  mass,  but  that  a  solid  obstruction  existed  belo^w  over 

the  forepart,  ■which  had  all  the  effect  of  a  solid  one  all  the  ■way  up. 

In  1872  this  obstruction  ■was  reduced  to  about  18,000  cub.  ft.     The 

scaffolds   sometimes  broke   a^way   from  the   sides   of  the  furnace, 

shaking  the  furnace  sides  ■with  the  shock  of  their  fall,  and  making 

the  gi'ound  shake  beneath  the  feet.    It  -will  not  be  a  matter  of  surprise 

that  such  a  furnace  only  lived  a  couple  of  years.     Happily  no  such 

difficulties  have  to  be  encountered  in  the  furnace  of  33,140  cub.  ft. 

capacity,  because  the  causes  have  been  removed  ■which  led  to  the 

bad  ■working  in  1871-1872  of  its  lai"ger  predecessor.     That  furnace 

does  not  hold  a  ■week's  supply  of  materials,  as  ■was  surmised  in 

the  picture  of  only  seeing  the  f  oUo^wing  Monday  the  result  of  the 

pre^vious  Monday's  charging.       The  total  quantity  it  holds  is  as 

follo^ws  : — 

Coke 210  tons 

Ironstone 525      „ 

Limestone       .        .        .        .        .  131      „ 

866  tons 

■which  at  a  make  of  450  tons  per  ■week  ■would  be  emptied  in  81 1  hours  ; 
so  that  ■what  is  put  in  on  Monday  morning  ■will  reach  the  hearth  on 
Thursday  afternoon,  even  at  the  rate  of  ■working  of  only  450  tons 
per  ■week.  But  ■when  it  is  considered  that  the  furnace  is  constructed 
to  produce  600  tons  of  iron  per  ■week,  and  ■with  higher  pressure  of 
blast  should  do  so,  the  period  occupied  would  then  only  be  60  hours 
or  only  2|  days. 

Now  as  to  the  natural  laws  which  determine  the  quantity  of 
coke  with  which  a  ton  of  iron  can  be  made  under  the  conditions 
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named.  That  there  are  such  laws  all  must  admit ;  but  whether 
Mr.  Bell  has  really  found  them  all  out  is  the  question.  No  one  has 
done  more  experimentally  towards  arriving  at  them,  and  bringing 
theory  into  harmony  with  practice  ;  and  his  experiments  have  been 
m.ost  ably  criticised  by  Mr.  Grruner,  who,  on  the  data  given  by 
Mr.  Bell  and  the  assumption  that  his  observations  are  correct 
and  final,  has  reduced  them  with  mathematical  precision  to  formulae 
from  which  (where  the  data  are  correct)  there  is  no  escape.  Into 
these  it  would  be  out  of  place  to  go  now ;  but  there  is  one  conclusion 
of  ^tr.  Gruner's  to  which  attention  must  be  drawn,  inasmuch  as  it 
bears  materially  on  the  present  question.  Mr.  Bell's  calculations 
have  been  based  on  the  assumption  that  all  the  carbonic  acid 
furnished  by  limestone  in  a  blast  furnace  is  converted  into  carbonic 
oxide  before  it  leaves  the  furnace.  He  has  stated  in  his  Chemical 
Phenomena  of  Iron  Smelting  (page  111)  that  "it  may  be  inferred 
that  as  carbonic  acid,  in  an  atmosphere  of  carbonic  acid,  is  only 
sparingly  given  off  at  a  full  red  heat,  and  carbonic  acid  commences 
to  suffer  decomposition  at  702°  to  932°  Fahr.,  all  the  carbonic  acid 
entering  the  furnace  combined  with  lime  leaves  it  as  carbonic  oxide : " 
in  other  words  consumes  132  cwt.  of  carbon  in  the  coke  per  ton  of 
iron  made.  It  is  on  this  assumption  Mr.  Bell  submits  the  following 
estimate  of  the  minimum  limits  of  consumption.  He  says  very 
properly  that  6"58  cwt.  of  carbon  should  be  converted  into  carbonic 
acid ;  but  improperly  assumes  that  the  carbonic  acid  of  the  limestone 
cannot  give  a  dii^ect  addition  thereto  of  1'32  cwt.  Assuming  the 
possibility  of  this  addition — and,  by  the  way,  Mr.  Gruner  proves 
!Mr.  Bell  from  his  own  results  to  be  wrong  in  the  contrary 
assumption,  as  will  be  seen  by  reference  to  Gordon's  translation 
of  Gruner's  work  (page  44) — the  total  carbon  as  carbonic  acid 
po.ssible  would  be  G'58  +  l"32=7"90  cwt. 

Again  Mr.  Bell  asserts  that  there  cannot  escape  from  the  tunnel 
head  of  a  furnace  a  mixture  of  gases  containing  less  than  2  lb.  of 
carbon  as  carbonic  oxide  for  1  lb.  of  carbon  as  carbonic  acid.  If 
this  assertion  be  true,  and  it  be  not  true  that  all  the  carbonic  acid 
of  the  limestone  is  necessarily  turned  into  carbonic  oxide  by  the 
absorption  of  carbon,  Mr.  Bell's  calculation  of  minimum  consumption 
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of  coke  needs  to  be  considerably  modified.     The  figures  submitted 

by  bim  were  as  follows  : — 

Cwt. 
Carbon   in  CO,  from  Fe^Og  5-98,  and  carbon  deposited  0'60  =  6-58 

Minimum  carbon  possible  as  carbonic  oxide         .        2x6o8  =13-16 

Total  carbon  in  escaping  gases 1974 

Subtract  carbon  furnished  by  11  cwt.  of  limestone       .        .  132 

Leaving  carbon  furnished  by  coke  to  gases  .         .        .        18"42 

Add  carbon  furnished  by  coke  to  deposited  carbon       .        .  0*60 

Total  carbon  furnished  by  coke 1902 

Add  ash,  8  per  cent 1-52 

Total  coke  needed 20*54 

Taking  tbe  extreme  case  of  all  tbe  carbonic  acid  of  tbe  limestone 
escaping  as  such,  we  have  as  follows : — 

Cwt. 
Carbon  in  COa  from  FcaOj  5-98,  and  carbon  deposited    0"60  =  6-58 

Carbon  in  CO,  from  11  cwt.  of  limestone     ....  1-32 

Total  carbon  from  above  three  sources,  escaping  as  CO^     .  7*90 

Minimum    carbon    possible    as    carbonic    oxide    2X7"90    =   15-80 

Carbon  furnished  by  coke  and  limestone  to  gases        .        .        23-70 
Add  carbon  furnished  by  coke  to  deposited  carbon       .         .  0*60 

24-30 
Subtract  carbon  furnished  by  limestone       ....  1-32 

Total  carbon  furnished  by  coke     .        .        .        .       ^        .        22-98 
Add  ash,  8  per  cent 1-83 

Total  coke  needed 24-81 

Between  20-54  cwt.  (the  estimate  given  by  Mr.  Bell  on  the  assumption 
that  all  the  carbonic  acid  of  the  limestone  is  turned  into  carbonic 
oxide  by  the  absorption  of  1'32  cwt.  of  carbon  per  ton  of  iron  made) 
and  24-81  cwt.  (the  minimum  consumption  calculated  on  the 
supposition  that  all  the  carbonic  acid  evolved  from  the  limestone 
may  escape  as  such),  any  consumption  should  be  j^ossible  according 
to  the  proportion  of  carbonic  acid  evolved  therefrom  undergoing 
such  conversion  into  carbonic  oxide ;  but  the  possibility  of  such  a 
large  fluctuation  in  the  minimum  based  on  such  an  assumption  must 
surely  throw  grave  doubts  either  on  Mr.  Bell's  data  or  his  mode  of 
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employing  them.  Were  tliis  conversion  of  all  the  carbonic  acid 
evolved  from  tlie  limestone  into  carbonic  oxide  an  inevitable 
consequence  of  introducing  it  in  the  raw  state  into  the  blast  f  amace, 
surely  the  calcining  of  limestone  must  offer  the  full  advantage  of 
saving  132  cwt.  of  carbon  on  Mr.  Bell's  estimate  of  minimum 
consumption  of  1902  cwt.  of  carbon  (1'42  coke  on  20"54)  besides 
the  fuel  necessary  to  effect  the  calcination;  but  the  result  of  JMr.  Bell's 
observation  as  given  in  his  Chemical  Phenomena  (page  338)  is  that 
"  the  economy  of  fuel  in  employing  calcined  limestone  never  quite 
amounts  to  that  of  the  actual  quantity  required  for  bm*ning  it." 
!Mr.  Bell  urges,  as  a  reason  for  this  alleged  fact,  that  caustic  lime 
absorbs  carbonic  acid  rapidly  at  a  red  heat ;  but  the  reduction  of  the 
ironstone  takes  place  far  below  a  red  heat,  commencing,  as  Mr.  Bell 
shows  in  his  Chemical  Phenomena  (page  40)  at  392°,  and  operating 
below  a  red  heat  in  spite  of  any  excess  of  carbonic  acid  in  the 
escaping  gases  (see  page  31  of  same  work).  Carbon  deposition  also 
takes  place  about  the  same  temperature  as  that  at  which  reduction 
of  the  ore  commences.  At  such  temperatures  the  influence  of 
generated  carbonic  acid  on  caustic  lime  must  be  very  feeble  indeed ; 
whilst  the  fact  remains  that  the  total  carbonic  acid  in  the  escaping 
gases  must  be  less  by  the  quantity  driven  off  by  calcination  of 
limestone  outside  the  furnace.  He,  Mr.  Cochrane,  therefore  could 
not  accept  !Mr.  BeU's  conclusion  on  this  point,  and  believed  that 
further  investigation  will  reveal  an  error,  the  existence  of  which 
Mr.  Gruner  in  his  able  criticisms  has  been  the  first  to  indicate. 

As  regards  the  escape  of  gas  from  the  sides  of  a  furnace,  and 
having  special  regard  to  the  explanation  of  the  explosion  which  was 
attributed  in  the  paper  to  this  cause,  on  further  investigation  this 
judgment  has  been  confirmed  by  the  occurrence  of  similar  explosions 
which  have  taken  place  whilst  the  furnace  is  in  regular  work  ;  and 
that  they  result  from  a  still  further  escape  of  gas  than  what  has 
been  indicated.  In  the  construction  of  the  furnaces  a  clear  space 
has  been  left  between  the  linings  and  the  external  brickwork, 
varying  from  1|  in.  around  the  boshes  to  f  in.  or  ^  in.  at  the  top, 
to  allow  for  expansion.  There  was  no  doubt  that  owing  to  the 
destructive  action  of  the  scaffolds  over  1871-1872  the  linings  have 
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been  damaged,  and  gas  passes  up  at  the  back  of  tlie  linings,  hot  and 
rich  in  carbonic  oxide,  and  passing  outwards  underneath  the  filling 
plates  or  flooring  at  the  top  of  the  furnace  occasionally  exploded. 
Such  a  loss  was  unquestionably  going  on,  and  he  felt  assured 
accounted  in  some  measure  for  the  inability  in  1873  and  subsequently 
to  restore  the  former  healthy  working  of  N"os.  3  and  4  furnaces, 
notwithstanding  they  were  favoured  with  the  higher  pressure  of 
blast  indicated.  Add  to  this  the  altered  and  deteriorated  form  of 
boshes  due  to  grooves  and  caverns  excavated  by  irregular  descent  of 
materials  and  the  breaking  off  of  scaffolds,  and  the  necessarily 
diverted  and  localised  action  of  heat,  instead  of  being  diffused  over 
the  entire  area  of  the  boshes — and  I  think  we  have  abundant 
explanation  of  the  bad  working  of  Nos.  3  and  4  furnaces.  To  save 
8  cwt.  of  coke  from  26"5  cwt.  by  simple  reduction  of  temperature  of 
escaping  gases,  as  they  existed  in  a  furnace  of  20,000  cub.  ft.  capacity 
and  employing  blast  at  1000°,  he  (Mr.  Cochrane)  admitted  to  have 
been  an  early  di'eam  of  possibilities,  and  it  is  nowhere  now  alleged 
that  it  is  possible.  But  what  was  surmised  could  be  accomplished  by 
that  means  alone,  has  at  any  rate  been  nearly  accomplished  by  the 
combined  effects  of  increase  of  temperatui'e  of  blast  and  extra 
capacity  of  furnace  :  each  effect  telling  clearly,  to  the  writer's  mind, 
according  to  definite  curves  of  saving,  and  each  independently  of  the 
other.  It  is  not  denied  that  there  may  be  other  causes  to  operate 
against  the  good  working  of  a  furnace,  than  that  of  reduction  of 
effective  capacity ;  and  certainly  the  case  named  in  the  paper,  of 
Nos.  3  and  4  fui^naces,  of  gases  escaping  before  they  have  done 
their  work — and  the  one  Mr.  Bell  has  named,  of  an  exceptional 
quality  of  coke — are  illustrations  of  other  causes ;  but  such  exceptions 
are  obvious.  All  circumstances  being  alike  as  to  quality  of  materials 
&c.,  save  and  except  the  capacity  of  a  furnace,  it  must  be  obvious 
that  a  large  furnace  may  become  contracted  in  its  working  capacity ; 
and  that  if  pressui*e  of  blast  be  too  small  for  the  large  furnace  and 
just  enough  for  the  small,  the  large  one  will  infallibly  be  reduced 
in  effective  capacity  to  that  of  the  smaller,  with  all  the  disadvantages 
of  a  self -formed  interior,  constantly  changing  in  shape  and  producing 
untold  irregularities  in  working.     In  the  case  of  the  furnace  of 
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33,140  cub.  ft.  capacity  working  at  2V17  cwt.,  exactly  as  had  done 
one  of  20,624  cub.  ft.  under  the  same  conditions,  it  is  clear  that 
the  effective  capacity  of  the  larger  furnace  was  practically  reduced 
to  that  of  the  smaller,  because  there  were  apparently  no  other 
disturbing  causes ;  the  difference  of  12,olG  cub.  ft.  represents 
therefore  the  ineffective  capacity. 

In  reference  to  the  results  recorded  by  Mr.  Samuelson,  he  was 
under  the  impression  when  he  referred  to  them  that  the  ironstone 
used  was  from  the  same  mines  from  which  the  supply  was  procured 
for  the  Ormesby  Iron  Works,  and  on  enquiry  this  has  been 
confirmed,  showing  that  Mr.  Bell  was  mistaken  in  supposing  that 
Mr.  Samuel  son's  results  were  obtained  from  richer  ores. 

There  is  another  point  to  which  Mr.  Bell  referred  in  his 
experiments  on  temperature  of  escaping  gases,  which  needs 
consideration.  He  replaced  the  normal  load  of  the  furnace  by  flints 
and  blast-furnace  cinder,  weight  for  weight,  and  thus  excluded  the 
possibility  of  chemical  action  on  the  ironstone,  causing  thereby  a 
reduction  of  temperature  due  to  the.  absence  of  the  chemical  action 
which  takes  place  when  the  furnace  is  supplied  with  ironstone.  The 
usual  temperature  of  the  escaping  gases,  when  fed  as  in  regular 
work  with  ironstone,  was  stated  to  be  782°  Fahr.  In  40  minutes 
flints  and  blast-furnace  cinder  lowered  this  temperature  to  -500°,  and 
in  3|  hours  to  404''.  On  recharging  ii'onstonc,  the  temperature  of 
the  escaping  gases  rose  in  one  hour  to  500°,  in  two  hours  to  531°, 
and  in  three  hours  to  700°;  thus  establishing  the  fact  that  at  the 
temperature  at  which  reduction  of  ironstone  is  active  there  is  a 
development  of  sensible  heat  as  the  balance  of  chemical  reaction  of 
the  gases  on  the  ironstone.  To  absorb  sensible  heat,  from  whatever 
source  it  was  derived,  has  been  the  writer's  object  in  increasing  the 
capacity  of  the  blast  furnace  ;  and  he  confidently  claims  to  have 
established  in  furnaces  of  large  capacity  (in  good  working  order) 
the  existence  of  another  zone  or  region,  in  addition  to  those 
described  by  Mr.  Bell,  in  which  no  chemical  action  takes  place  at 
all,  and  nothing  occurs  but  the  absorbing  of  sensible  heat. 

With  reference  to  the  expression  "  ultimate  capacity  of  blast 
furnaces,"   which   had   been    objected   to,   it   Avas   clear  tliat  this 
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must  not  be  understood  too  literally,  because  as  a  mere  question  of 
engineering  it  would  of  course  be  possible  to  add  another  40,000 
cub.  ft.  capacity  to  the  40,000  cub.  ft.  that  had  already  been  reached 
in  the  largest  furnace  described.  But  it  would  not  be  worth  doing 
so,  having  regard  to  the  commercial  limits,  within  which  the  best 
results  could  be  obtained.  Combining  theory  with  practice,  he 
had  endeavoured  to  show  what  should  be  the  ultimate  capacity  of 
blast  furnaces,  as  arrived  at  in  his  own  experience ;  the  results 
obtained  were  not  of  general  application,  but  were  limited  to  the 
conditions  of  the  Cleveland  district.  The  paper  dealt  with  a  region 
which  was  mainly  outside  that  of  chemical  action,  and  in  which 
he  maintained  that  useful  work  was  done  independent  of  chemical 
action.  The  assertion  by  Mr.  Bell,  that  the  chemical  action  would 
follow  up  any  increase  of  height  in  the  furnace,  he  considered  had 
been  disproved  entirely  by  the  working  of  the  large  fui'nace  referred 
to  in  the  paper;  for  in  that  furnace  he  had  been  dealing- with  a 
region  containing  10,000  cub.  ft.  in  which  there  was  very  little 
chemical  action — in  which  in  fact  the  materials  were  only  being 
prepared  for  chemical  action.  Presuming  therefore  that  the  chemical 
action  had  been  conducted  properly  down  below,  the  temperature 
of  the  gas  escaping  at  the  furnace  top  became  the  pulse  of  the 
furnace,  showing  any  neglect  to  fill  properly  in  a  rise  of  temperature, 
and  the  existence  of  any  scaffolding  below  by  a  similar  rise  ;  and  in 
the  present  paper  he  had  accordingly  endeavoured  to  deal  with 
the  mechanical  part  of  the  subject,  without  enteinng  into  the 
chemical  part. 

As  to  the  suggestion  that  two  furnaces,  each  of  half  the  capacity 
of  a  third,  would  work  with  equally  good  results  if  put  each  to 
do  half  the  work  of  the  third,  he  could  only  say  that  in  practice 
he  had  never  found  the  smaller  furnaces  giving  such  good  results 
as  were  obtained  from  the  larger  ones.  In  the  smaller  furnaces 
there  was  greater  facility  for  the  gases  passing  up  through  the 
materials ;  and  they  would  consequently  escape  from  the  furnace  at 
a  higher  temperatui'e  than  in  larger  furnaces,  so  that  an  equally 
good  result  could  not  be  got  out  of  the  smaller  fui*naces.  On  this 
account  he  considered  that,  with  the  extent  of  range  in  the  capacity 
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of  the  furnaces  referred  to  by  Mr,  Bell,  the  larger  of  those  frimaces 
ought  to  have  worked  better  than  the  smaller. 

The  President  remarked  that  there  seemed  at  present  much 
diversity  of  opinion  in  the  discussion  of  this  subject,  and  he  hoped 
the  conflicting  views  would  be  followed  up  by  still  further  researches, 
until  the  correctness  of  one  or  the  other  should  be  established.  It 
appeared  to  him  however  that  one  observation,  in  addition  to  what 
had  already  been  advanced,  was  worthy  of  some  little  attention,  and 
that  was  that  this  question  had  not  been  considered  as  much  as  he 
thought  it  ought  to  have  been  from  a  mechanical  point  of  view. 
Much  attention  had  been  directed  to  the  chemical  action,  but  it 
appeared  to  him  that  to  a  considerable  extent  the  solution  of  this 
question  depended  upon  mechanical  considerations ;  it  was  really  a 
question  of  maximum  and  minimum.  It  could  not  be  said  that 
small  furnaces  gave  the  best  result,  nor  could  it  be  said  that 
large  furnaces  gave  the  best  result,  because  of  the  mechanical 
crushing  power  of  the  absolute  weight  put  into  the  furnace. 
If  a  huge  weight  of  materials  were  piled  above  a  certain 
height,  it  was  quite  clear  that  the  weaker  of  those  materials 
must  crush;  in  such  a  case  the  fm-nace  would  not  merely 
scaffold,  but  would  plug  itself,  and  there  would  be  a  great  difficulty 
in  the  blast  getting  through  with  that  freedom  which  was  essential 
to  the  production  of  a  high  intensity  of  heat.  He  had  witnessed  this 
in  many  other  cases  besides  blast  furnaces,  and  in  his  opinion  there 
was  a  limit  in  every  case  to  the  magnitude  and  particularly  to  the 
height  at  which  blast  furnaces  could  be  worked  for  producing 
the  maximum  effect.  If  a  high  furnace  were  employed  where  the 
materials  were  so  weak  as  to  crush,  and  where  they  consequently 
interfered  with  the  production  of  proper  blast  or  with  the 
maintenance  of  the  necessary  intensity  of  heat,  then  it  was 
imquestionable  that  the  effect  must  be  below  the  maximum, 
although  it  might  not  be  so  low  as  the  minimum ;  and  he  wished 
that,  in  addition  to  the  chemical  considerations,  a  little  more 
information  had  been  given  in  the  paper  and  discussion  as  to  the 
experience  with  regard  to  the  mechanical  conditions  which  obtained 
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in  the  large  furnaces ;  both  should  be  considered,  he  was  convinced, 
in  a  case  of  this  kind.  They  were  very  much  indebted  both  to 
Mr.  Cochrane  and  Mr.  Bell  for  their  great  laboiu's  in  connection  with 
blast-furnace  economy,  and  to  Mr.  Cochrane  for  the  very  interesting 
results  he  had  brought  forward  in  his  paper.  He  was  sure  the 
meeting  would  accord  to  him  a  cordial  vote  of  thanks  for  the 
paper,  and  for  the  additional  information  he  had  given  in  the 
present  discussion. 

The  vote  of  thanks  was  passed. 


The  following  paper  was  then  read : — 
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ON  THE  MODE    OF  ERECTION  OF 

THE    LARGE    IRON    GIRDER    RAILWAY    BRIDGE 

OVER    THE    RIVER   DAL    IN    SWEDEN. 


By  Mb.  EDWARD  HUTCHINSON,  of  Bouenemouth,  (late  of  Darlington.) 


The  Bridge,  the  peculiar  mode  of  the  Erection  of  which  it  is  the 
purpose  of  this  paper  to  describe,  is  one  of  a  series  constructed 
for  the  Bergslagernas  Railway  Co.  of  Sweden,  by  the  Skerne  Iron 
Works  Co.,  of  Darlington.  The  main  line  of  this  railway  connects 
the  East  Coast  of  Sweden  at  Gefle  with  the  West  Coast  at 
Gothenburg,  and  runs  for  the  most  part  through  a  densely 
wooded  and  thinly  populated  country.  The  railway  crosses  the 
river  Dal,  the  most  important  stream  in  Sweden,  about  ten  miles 
to  the  west  of  the  town  of  Fahlun.  At  this  point  the  river, 
elsewhere  of  much  greater  width,  is  about  400  feet  wide  from  bank 
to  bank,  and  is  a  deep  and  rapidly  flowing  stream,  forming  a  cataract 
almost  immediately  below  the  site  of  the  railway  bridge. 

The  bridge  is  for  a  single  line  of  railway,  and  is  formed  of  three 
spans ;  the  two  side  spans  being  80  ft.  each,  and  the  centre  span 
208  ft.  clear  opening,  with  40  ft.  height  from  the  water,  as  shown 
in  Figs.  1  and  2,  Plate  1.  The  abutments  are  of  granite  masonry, 
and  are  founded  upon  the  solid  rock.  The  two  piers  are  also 
bedded  upon  the  granite  rock  which  forms  the  river  bed,  and  for 
a  height  of  about  15  ft.  above  low  water  level  are  constructed  of 
granite  masonry.  Above  this  level  the  piers  consist  each  of  two 
square  columns,  each  8  ft.  square,  constructed  of  cast-iron  plates 
bolted  together  at  the  angles  and  the  horizontal  joints,  and  filled 
in  with  brickwork  in  cement. 

The  girders  for  the  side  spans  are  formed  with  a  double  system 
of  bracing,  and  are  10  ft.  G  in.  depth  ;  the  top  and  bottom  booms, 
which  are  of  similar  section,  are  composed  of  plate  and  angle  iron, 
as  shown  in  the  enlarged  transverse  section  in  Fig.  11,  Plate  4, 
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and  the  bracing  ties  and  struts  are  of  T  iron  of  varying  section. 
These  girders  do  not  rest  directly  upon  the  piers,  but  are 
supported  by  cross  bearers  fixed  between  the  main  girders  of  the 
centre  span  at  the  height  shown  in  the  general  elevation  of  the 
bridge  in  Fig.  1.  The  rail  bearers  are  level  with  the  top  flanges 
of  these  girders,  so  that  the  rail  level  is  3  ft.  10  in.  below  the  top 
of  the  main  girders. 

The  main  girders,  which  are  fixed  17  ft.  apart  centre  to  centre, 
are  also  formed  of  a  double  system  of  bracing,  and  are  19  ft.  10  in. 
depth  and  2  ft.  6  in.  width  on  the  flange  and  214  ft.  5  in. 
length  of  bearing.  The  top  and  bottom  booms  are  built  up  of 
plates  and  angle  iron,  and  have  a  double  web  of  angle  and 
.plate,  to  which  the  bracing  bars  are  riveted,  as  shown  in  the 
enlarged  transverse  section  in  Fig.  10,  Plate  4.  The  bracing  is 
composed  in  part  of  H  iron,  in  part  of  angles  and  flats  riveted,  and 
in  part  of  T  or  L  iron.  At  each  alternate  intersection  of  the 
bracing,  a  vertical  member  is  introduced  supporting  the  cross 
girders,  which  are  built  of  angle  and  T  iron,  and  are  2  ft.  depth. 
Below  each  cross  girder  is  a  system  of  vertical  diagonal  bracing  ; 
and  horizontal  bracing,  of  which  the  cross  girders  form  the 
compression  members,  runs  from  end  to  end  of  the  centre  span. 

The  girder  bed-plates  are  bedded  upon  the  brickwork,  and  are 
provided  with  adjusting  apparatus  at  each  end,  and  with  expansion 
rollers  at  one  end  only.  These  are  shown  enlarged  in  Figs.  12 
to  14,  Plate  4.  The  stationary  bed-plates  are  of  cast  iron,  with 
a  steel  adjusting  pin ;  but  those  used  in  connection  with  the 
expansion  rollers,  as  well  as  the  rollers  themselves,  and  the  adjusting 
pins,  are  of  crucible  cast  steel. 

The  wrought  iron  of  which  the  superstructure  of  the  bridge  is 
composed  was  guaranteed  by  the  contractors  to  stand  the  following 
tests.  For  the  side  spans  all  plates  to  bear  a  load  of  20  tons  per 
sq.  in.  before  fracture,  and  all  angle  and  bar  iron  22  tons ;  in 
each  case  showing  an  elongation  of  10  per  cent,  before  fracture. 
For  the  main  span  the  plates  were  to  bear  a  load  of  21  tons  per 
sq.  in.  before  fracture,  and  the  angle  and  bar  iron  23  tons.  The 
plates  to  show  an  elongation  of  10  per  cent.,  and  the  angles  and 
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bars  an  elongation  of  15  per  cent.,  before  fracture.  The  rolled 
joists,  rivet  iron,  &c.,  were  also  subjected  to  special  tests.  The  whole 
of  the  ironwork  was  in  the  first  place  put  together  in  the  contractor's 
yard  at  Darlington,  and  subjected  to  various  tests.  It  was  then 
taken  down  and  transported  to  the  site  of  erection  in  small  pieces. 

Owing  to  the  character  of  the  stream  to  be  spanned  by  the 
bridge,  none  of  the  ordinary  modes  of  fixing  girders  of  this  size 
seemed  quite  feasible.  The  erection  of  the  side  spans,  of  80  ft. 
each,  presented  of  course  no  difficulty  ;  and,  if  desired,  in  the  case 
of  these  spans,  staging  could  easily  be  erected  from  the  abutment 
to  the  pier,  as  shown.  Between  the  piers  however,  208  ft.  apart, 
it  seemed  impossible  to  get  the  smallest  prop  or  support  of  any  kind. 
During  the  summer  season,  immense  quantities  of  pine  timber, 
either  in  the  form  of  rafts  or  loose  masses,  were  continually  floating 
down  the  river,  and  would  quickly  have  carried  away  any  staging 
it  would  have  been  practicable  to  erect.  In  the  winter  the  ice 
presented  a  difficulty  of  equal  or  greater  magnitude,  and  owing  to 
the  proximity  of  the  falls  just  below  the  bridge,  the  ice  never 
became  so  thick  as  to  afford  a  safe  platform  upon  which  to  work. 

Under  these  circumstances,  the  plan  of  rolling  the  girders  over 
the  piers  was  naturally  the  first  to  suggest  itself,  and  did  not  at 
first  appear  to  present  any  unusual  difficulty.  It  will  however  be 
found  that  in  most  cases  where  this  plan  has  been  successfully 
adopted,  the  superstructure  of  the  bridge  has  been  composed  of  a 
number  of  spans  of  equal  or  nearly  equal  length ;  and  where  this 
uniformity  exists,  it  is  not  difficult,  even  in  the  case  of  non- 
continuous  girders,  to  connect  two  or  more  spans  together  in  such  a 
way  that  a  whole  span  length  may  bo  safely  projected  over  the 
pier.  Nor  does  the  length  of  span  affect  the  question  much,  as  the 
girders  are  necessarily  of  a  depth  and  strength  proportionate  to  their 
span.  But  when  a  pair  of  girders  have  to  be  projected  a  clear  208  ft., 
with  only  a  pair  of  80  ft.  girders  to  balance  them,  the  conditions 
are  entirely  altered,  and  although  not  impossible,  it  would  not  be  by 
any  means  easy  of  accomplishment.  To  meet  the  difficulty  in  the 
case  of  the  Dal  bridge  various  schemes  were  proposed. 
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The  original  plan  intended  by  Lieutenant  Almquist,  the 
Engineer  for  the  Bergslagernas  Railway,  and  to  -whose  designs 
the  bridge  was  constructed,  consisted  of  a  staging  carried  by  chains 
suspended  between  the  piers ;  but  when  worked  out  in  detail,  this 
plan  promised  to  be  a  most  tedious  and  costly  one,  and  moreover 
would  have  necessitated  the  greatest  care  in  its  adoj^tion,  in  order 
to  avoid  damage  to  the  piers.  It  would  in  fact  have  been  almost 
equivalent  to  building  a  suspension  bridge  of  equal  strength  to  that 
of  the  permanent  structui'e. 

It  was  also  proposed  to  build  all  the  girders  on  one  side  of  the 
river,  and  to  attach  them  together  in  the  order  they  occupy 
permanently  in  the  bridge ;  then,  properly  counterweighted,  to 
launch  them  in  the  usual  way.  This  plan  offered  some  advantages, 
but  connections  of  great  strength  would  have  been  required ;  besides 
which,  many  portions  of  the  girders  would  have  been  subjected  to 
severe  abnormal  strains — an  objection  which  hardly  applies  at  all 
to  the  mode  of  erection  ultimately  adopted. 

Timber  being  plentiful  and  cheap  in  the  neighbourhood  of  the 
bridge,  various  forms  of  projecting  staging  formed  of  this  material 
were  also  contemplated ;  but  when  worked  out  in  detail,  none  of 
them  seemed  to  be  altogether  unobjectionable.  Before  the  method  to 
be  adopted  was  finally  decided  upon,  the  staging  between  the 
abutments  and  the  piers,  as  well  as  the  struts  projecting  from 
the  piers,  were  provided  by  the  Railway  Co.,  it  being  understood  that 
the  girders  would  be  fixed  by  some  sort  of  rolling  operation. 

It  was  however  ultimately  decided  to  adopt  the  following  plan. 
Upon  the  timber  staging  already  provided,  the  80  ft.  girders  were 
riveted  up,  not  in  position  shown  in  the  finished  elevation,  Fig.  1, 
but  with  their  bottom  flanges  level  with  those  of  the  main  centre 
girders,  as  shown  in  Figs.  3,  4,  and  6,  Plates  2  and  3,  being 
temporarily  braced  together  by  means  of  timber  struts  and  the 
permanent  ties,  as  shown  in  Fig.  5,  at  a  distance  apart  corresponding 
to  that  of  the  main  centre  girders.  Four  strong  ties  were  then  fixed 
between  the  top  of  the  end  of  the  main  girders  and  a  point  near 
the  centre  of  the  80  ft.  girders.  These  ties  are  shown  shaded  in 
Fig.  6,  at  A,  C,  and  sections  of  them  in  Fig.   7,  at  A,  B,  C,  D. 
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They  are  all  composed  of  bars  nltimately  forming  portions  of  the 
permanent  Strncture,  such  as  longitudinal  rail  bearers,  bracing 
struts,  &c.  Special  connections  however  had  to  be  provided,  and 
about  12  tons  of  material,  of  various  sections,  was  used  throughout 
for  this  purpose. 

The  bottom  boom  of  the  80  ft.  girders  being  of  insufficient 
section  to  stand  the  compressive  strain  to  which  it  would  be 
subjected  during  the  process  of  erection,  the  strain  had  to  be 
distributed  by  means  of  the  compression  struts  E,  Fig.  6,  shown 
in  section  at  E  F  in  Fig.  7,  these  also  being  composed  of  parts  of 
the  permanent  bridge. 

The  ends  of  the  main  girders  being  securely  braced  and  tied  to 
the  80  ft.  girders,  as  above  described,  it  became  necessary  to 
distribute  the  counterweight  in  such  a  way  that  no  undue  strain 
should  come  upon  any  part  of  the  80  ft.  girders,  and  in  addition  to 
this  it  was  found  necessary  to  strengthen  them  a  little  at  the  centre, 
near  the  point  of  attachment  of  ties. 

The  diagram.  Fig.  4,  Plate  2,  shows  how  the  counterweight, 
composed  chiefly  of  rails,  was  distributed :  47  tons  being  placed  at 
the  extreme  ends  of  girders,  18  tons  near  the  point  of  attachment  of 
ties,  and  28  tons  in  the  girders  and  ties  themselves,  making  a  total  of 
93  tons.  The  weight  of  the  half  main  span,  with  a  fair  allowance  for 
tools  &c.,  was  ascertained  to  be  100  tons,  and  the  distance  of  the 
centre  of  gravity  from  bearing  point  on  pier  57'2  ft.,  as  shown  in 
Fig.  4.  Care  was  taken  that  none  of  the  weight  came  upon  the  props 
that  projected  a  few  feet  outwards  from  the  piers,  as  shown  in  the 
general  elevation.  Fig.  3. 

All  being  made  secure,  the  process  of  projecting  out  the  main 
centre  girders  was  commenced  from  both  piers  simultaneously.  Each 
member  of  the  girder  was  fixed  in  position  in  nearly  the  same  form 
in  which  it  left  the  works — that  is,  no  further  riveting  was  done 
until  each  piece  was  in  position.  As  the  riveting  up  of  the  main 
girders  proceeded,  the  cross  girders  which  had  been  riveted  up  at 
the  works  were  fixed,  as  well  as  the  rail  bearers  and  such  parts  of 
the  main  horizontal  bracing  as  seemed  necessary  to  give  stability 
to  the  work.     But  the  main  flange  plates,  as  adding  greatly  to  the 
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overhanging  weiglit,  -witliotifc  giving  any  additional  strength,  were 
not  put  on  until  the  girder  was  in  other  respects  complete. 

The  weight  of  the  heaviest  piece  fixed  at  one  operation  did  not 
exceed  25  cwt.  No  special  provision  in  the  form  of  staging  for  the 
workmen  was  provided,  planks  temporarily  laid  across  the  transverse 
bearers  or  rail  girders  being  found  sufficient  for  the  purpose  ;  but 
it  was  deemed  prudent  by  the  workmen  to  test  the  stability  of  the 
girder  occasionally  by  running  out  a  small  truck  load  of  material 
weighing  about  5  tons  to  the  end  of  the  girder.  In  the  first 
instance  portable  cranes  were  used  in  moving  and  fixing  the 
various  parts ;  but  better  progress  was  found  to  be  made  with 
long-jibbed  Scotch  derrick-cranes,  and  the  use  of  the  portable 
,  cranes  was  abandoned. 

As  the  girders  during  erection  rested  solidly  on  the  piers  and  not 
upon  the  rollers,  great  care  had  to  be  exercised  in  order  to  fix  each 
half  in  its  correct  position  as  to  length.  This  was  done  by  means 
of  a  wire  stretched  across  the  river,  the  operation  being  repeated 
several  times  at  various  temperatures.  When  the  closing  piece 
came  to  be  fixed  in  position  it  did  not  fill  the  space  by  about  an 
inch ;  but  the  following  day,  under  the  influence  of  a  bright  sun, 
this  gap  disappeared,  and  the  closing  portions  had  to  be  driven  into 
their  places. 

The  bridge  was  erected  during  the  winter  season,  and  the  cold 
at  times  was  so  severe  that  operations  had  to  be  entirely  suspended ; 
the  days  too  were  very  short.  From  these  combined  causes 
the  erection  occupied  a  much  longer  time  than  it  otherwise  would 
have  done,  namely  about  five  months.  When,  the  main  girders 
having  been  completed,  the  temporary  ties  were  cut  away,  there 
was  only  a  slight  and  hardly  appreciable  deflection  at  the  centre 
of  the  main  span.  No  accident  of  any  kind  happened  in.  carrying 
out  the  work. 

In  conclusion,  the  writer,  whilst  not  wishing  to  take  any  credit 
to  himself  as  having  accomplished  any  very  important  work,  at  the 
same  time  desires  to  recommend  to  any  who  are  interested  in  bridge 
building,  the  plan  here  described  for  cases  where  the  girders  are  of 
considerable  length,  and  staging  impracticable. 
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SUPPLEMENT. 

The  sectional  areas  of  the  top  and  bottom  booms  of  the  main 
girders  (which  are  equal)  are  88"  5  sq.  in.  at  tlie  centre  and 
3'2'2  sq.  in.  at  the  ends ;  the  centre  having  six  plates  30  x  f  in. 
each,  and  the  ends  only  one  plate  30  X  f  in.  During  erection  these 
plates  were  omitted,  leaving  the  sectional  area  only  21  "0  sq.  in. 
throughout  each  of  the  booms. 

During  erection  the  only  abnormal  strain  was  a  compression 
strain  upon  the  bottom  of  the  small  girders  at  E  F,  Fig,  6.  The 
sectional  area  of  this  is  only  16"37  sq.  in.,  and  as  the  strain  in 
compression  requii'ed  about  25  sq.  in.,  the  additional  area  was 
obtained  by  putting  on  two  channel-iron  bars  of  1225  sq.  in.  total 
area,  one  on  each  side,  as  shown  at  E  F  in  Figs.  6  and  7,  thus  making 
a  total  sectional  area  of  2862  sq.  in. 

The  sectional  area  of  each  of  the  temporary  ties  A  C  was 
2 7"  17  sq.  in.,  being  composed  of  one  bar  of  I  iron  and  two  pairs 
of  bars  of  channel  iron.  In  the  calculations  for  erection  of  the 
bridge  no  part  was  subjected  to  a  greater  strain  than  5  tons  per 
sq.  in.  comjjression  or  tension. 

In  the  calculation  of  the  counterbalance  weight  80  tons  only 
has  to  be  taken  for  the  weight  of  each  half  of  the  main  girders 
during  erection,  instead  of  100  tons  the  total  finished  weight,  on 
account  of  all  the  top  and  bottom  flange  plates  and  much  of  the 
bracing  being  omitted  until  the  junction  of  the  two  halves  in  the 
centre  was  effected.  The  calculation  for  the  counterbalance  was 
as  follows  : — 

Tons.     Ft.  Total. 

HALF  MAIN   GIRDERS  .  .  .  .        80  x   57"2  =  4576 

COUNTEBBALANCE 

Side  Girders 24  x  46-6  =  1118-4 

(  23  X  83-4  =  1D18-2 
End  Weights -^  12  x  yOO  =  1032'0 


,  12  X  SU-8  =    969-6 
Middle  Weights I 


{  6  X  36-8  =  220-8 

J  4  X  440  =  176-0 

•     )  4  X  38-8  =  155-2 

(  4  X  33-8  =  135-2 

Ties 4  X  18-6  =      740        5799 
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As  to  the  cost  of  erection,  this  is  considered  to  have  been  about 
the  same  as  a  fair  average  of  such  work  erected  by  any  of  the 
ordinaiy  methods.  It  is  difficult  however  to  make  a  fair 
comparison,  as  so  much  depends  upon  the  distance  from  home, 
cost  of  getting  materials  and  tools  to  the  spot,  season  and  weather, 
&c.  The  labour  in  putting  together,  riveting  &c.,  was  little  more 
than  it  would  have  been  on  staging,  and  the  chief  difference  in 
cost  would  be  that  between  the  temporary  iron  ties  &c.  and  wood 
staging. 


Mr.  S.  Z.  Lloyd  enquii'ed  what  was  the  additional  strength 
which  was  required  in  the  lower  flange  of  the  gii-ders  in  this  mode 
of  erecting  a  span  of  those  dimensions,  over  what  would  be 
required  in  erecting  it  upon  a  stage  in  the  ordinary  manner;  as 
the  lower  boom,  which  was  in  tension  when  the  bridge  was 
completed,  was  in  compression  during  the  erection,  additional 
material  would  have  probably  to  be  provided  to  meet  that  case. 
He  asked  whether  calculations  had  been  made  as  to  the  additional 
material  required  in  the  span  for  that  reason,  or  whether  the 
design  was  considered  sufficiently  strong  without  such  addition. 

]^Ir.  Jeremiah  Head  observed  that  the  sections  at  the  top  and 
bottom  of  the  girder  appeared  to  be  the  same,  and  they  would 
therefore  bear  reversing.  The  bottom  section  which  was  in  tension 
must  be  considered  as  weakened  in  proportion  to  the  area  of  the  rivet 
holes  at  each  joint.  The  top  was  not  affected  in  the  same  way, 
inasmuch  as  the  rivets  replacing  the  iron  removed  there  took  their 
share  of  the  compression.  The  greater  strain  which  wrought  iron 
in  tension  would  bear  as  compared  with  when  in  compression  was 
thus  equalised  in  the  finished  structure. 
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Mr,  J.  PiiATT  remarked  it  had  been  mentioned  that  some  of 
the  top  and  bottom  plates  were  left  off  till  the  bridge  was  joined 
up  in  the  centre,  so  as  to  reduce  the  weight  during  erection ;  the 
bridge  dui-ing  erection  had  simply  to  carry  its  own  weight,  without 
any  load. 

Mr.  E.  A.  CowPER  asked  for  the  dimensions  of  the  sections, 
the  details  of  which  it  was  desirable  should  be  given.  It  struck 
him  however  that  the  girders  would  be  strong  enough  to  carry 
theii'  own  weight  for  half  the  length  of  the  bi'idge,  seeing  that 
the  bridge  was  strong  enough  to  carry  a  railway. 

The  Pkeside^'t  observed  that  some  bridges  of  similar  kind  in 
America,  which  had  been  subjected  to  interferences  of  atmosphere, 
had  been  reported  on  by  Capt.  Galton. 

Capt.  Galton  considered  the  present  communication  a  very 
interesting  one,  as  showing  a  new  way  of  erecting  a  bridge ;  and 
it  would  be  very  interesting  to  kno'sv  what  the  cost  of  this  method 
was,  so  as  to  compare  the  amount  of  laboui'  expended  and  the 
extra  material  required  with  the  cost  of  erecting  by  staging, 
because  it  was  quite  clear  that  in  many  cases  of  Indian  railways 
such  a  mode  of  construction  of  a  bridge  might  be  found  very 
valuable.  As  regarded  the  strains,  of  course  the  bridge  during 
the  construction  was  in  a  totally  different  condition  from  that 
which  it  must  be  in  when  it  had  to  bear  its  load ;  it  was  not 
originally  formed,  he  apprehended,  for  the  purpose  of  resisting 
those  new  strains.  He  should  be  glad  for  more  particulars  to  be 
given  as  to  the  strains  to  which  the  girders  were  subjected  when 
in  the  process  of  erecting,  and  those  to  which  they  were  subjected 
after'  the  bridge  had  been  erected.  In  addition  to  the  cost  of 
labour  and  materials  he  should  also  like  to  know  the  number  of 
men  employed,  and  other  particulars,  so  that  a  calculation  might 
be  formed  as  to  the  cost  of  erecting  a  bridge  in  this  manner,  to 
afford  a  comparison  with  the  cost  of  other  methods  of  putting  the 
work  together,  which  could  not  be  estimated  fi'om  a  mere  statement 
of  the  weight  of  materials  employed. 
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Mr.  F.  J.  Bramwell  referred  to  the  specimen  bridge  biiilt  by  the 
elder  Brunei  on  the  grounds  of  the  Thames  tunnel  at  Rotherhithe. 
This  specimen  consisted  of  a  pier  and  of  the  half  of  an  elliptical 
arch  on  the  one  side  and  about  a  quarter  of  a  similar  arch  on  the 
other.  These  arches  were  of  considerable  span  probably  60  ft., 
they  were  constructed  without  any  centering,  simply  of  brick  in 
cement  bonded  with  hoop  iron.  From  the  end  of  the  smaller 
section  of  the  arch  was  suspended  an  immense  mass  of  ii'on  to 
balance  the  weight  of  the  half  arch  on  the  other  side. 

The  President,  in  proposing  the  usual  vote  of  thanks  for  the 
paper,  observed  that  it  contained  very  important  facts,  and  the 
subject  had  been  dealt  with  in  a  very  clear  and  luibiassed  manner. 
He  thought  the  author  had -brought  before  the  Institution  something 
which  admitted  of  application,  as  Capt.  Gralton  had  said,  under 
a  great  variety  of  circumstances  and  in  many  other  places.  He 
proposed  that  the  vote  of  thanks  should  be  accompanied  by  a 
request  to  the  author  to  supplement  the  paper  with  the  additional 
information  which  had  been  asked  for  in  the  discussion. 

The  vote  of  thanks  was  passed. 


The  Meeting  then  terminated.  In  the  evening  a  number  of 
the  Members  dined  together  in  celebration  of  the  Twenty-ninth 
Anniversary  of  the  Institution. 
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PROCEEDINGS. 


]\Iay  1876. 


The  General  Meeting  of  the  Members  was  held  at  the 
Institution  of  Civil  Engineers,  London,  on  Wednesday,  3rd  May, 
1876;  Thomas  Hawksley,  Esq.,  President,  in  the  Chair. 

The  Minutes  of  the  last  Meeting  were  read  and  confirmed. 

The  President  announced  that  the  Ballot  Lists  had  been  opened, 
and  the  following  New  Members  were  found  to  be  duly  elected  :: — 

MEMBERS. 

Henry  Adams, London. 

Henry  John  Card  Anderson,        .       .       .  Cairo. 

WiLLOUGHBY  Crampton, Shefl&eld. 

Henry  Berriman  Cdss, Tipton. 

Samuel  Cutler, London. 

John  Gillett, Melksham. 

Charles  !Mattathias  Jacobs,       .       .       .  Cardiff. 

James  Jemson, Burnley. 

Joseph  Moore, San  Francisco. 

Charles  Louis  Pinel, Rouen. 

Julius  Prederick  Moore  Pollock,  .       .  Leeds. 

Thomas  Braban  Ross, Chesterfield. 

David  Scott, Calcutta. 

Arthur  Telford  Simpson,        ....  London. 

Thomas  Samuel  Speck, London. 

Robert  Paulson  Spice, London. 

Louis  Sterne, Glasgow. 

Henry  Hartley  West, Liverpool. 

James  Wright, Westbi'omwich. 


58 


Mat. 


The  President  announced  that  the  Council  would  at  the  next 
Anniversary  Meeting  submit  the  question  of  the  removal  of  the 
establishment  of  the  Institution  to  London. 


The  following  paper  was  then  read  : — 


Mat.  59 


ON  THE   LANCASHIRE  BOILER, 
ITS  CONSTRUCTION,  EQUIPMENT,  AND  SETTING. 


By  Mr.  LAVINGTON  E.  FLETCHER,  OF  Manchester. 


The  Lancasliire  type  of  Boiler  differs  only  from  the  Comisli 
in  one  point,  namely  that  the  Lancashire  boiler  has  two  furnace- 
tubes  whereas  the  Cornish  has  but  one.  In  both  types  of  boiler 
the  shell  is  cylindrical,  the  ends  are  flat,  and  the  fuimace -tubes 
are  carried  through  from  front  to  back  below  the  ordinary  water 
line,  while  the  boilers  are  laid  horizontally  and  fired  internally. 
Internal  fii'ing  is  essential  either  to  a  Lancashire  or  to  a  Cornish 
boiler.  It  is  a  mistake  to  speak  of  an  "  externally-fired  Lancashire  " 
or  an  "  externally-fired  Cornish "  boiler,  though  this  is  frequently 
done.  If  the  fires  are  taken  out  of  the  furnace-tubes  of  a 
Lancashire  boiler  and  put  underneath,  it  is  a  Lancashire  boiler 
no  longer,  but  becomes  an  externally-fired  double-flued  boiler ;  and 
if  a  Comish  boiler  be  treated  in  the  same  way,  it  becomes  an 
externally-fired  single-flued  boiler.  These  boilers  owe  their  names 
to  the  counties  in  which  they  were  first  brought  into  genei^al  use. 
The  single-furnace  boiler  was  introduced  early  in  the  present 
centuiy  by  Trevithibk  in  Cornwall,  and  is  therefore  called  Cornish. 
The  double-furnace  boiler  was  introduced  in  1844  by  Fairbairn  and 
Hetherington  in  Manchester,  and  is  therefore  called  Lancashire. 

In  laying  down  Lancashire  boilers,  the  fact  has  been  too 
frequently  lost  sight  of  that  directly  a  fire  is  lighted  within  them 
they  begin  to  move,  the  flat  ends  to  breathe  outwards,  the  furnace 
tubes  as  well  as  the  shell  to  hog  upwards,  and  the  whole  structure 
to  elongate.  If  suflB.cient  allowance  is  not  made  for  these 
movements,  straining  and  sometimes  rupture  occurs,  while  the 
tendency  to  this  is  frequently  aggravated  by  putting  in  an  extra 
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thickness  of  metal  with  a  view  of  adding  strength,  the  additional 
thickness   increasing  the   unequal   expansion   of   the    parts.      For 
some  years  the  writer  has  had  opportunities  of  observing  a  large 
number   of  boilers   of  the  Lancashire  as  well   as  other  types,  in 
work    under    the    inspection    of    the    ^Manchester    Steam    Users' 
Association ;  and  as  the  result  of  these  observations  he  has  been  led 
to  recommend  for  the  use  of  its  members  such  a  construction  of 
boiler,  such  an  equipment,  and  such  a  mode  of  setting,  as  that 
described  in  this  paper.    This  boiler  has  been  very  generally  adopted 
by  the  members,  and  found  to  give  satisfactory  results.     It  was 
thought  therefore  that  a  description  might  be  of  service  to  the 
Institution   of   Mechanical   Engineers.      It  is   not   set  forth  as  a 
work  of  origination  but  one  of  selection  and  adaptation.     The  boiler 
described  is   safe  for  a  working  pressure  of  from  75  to  100  lb. 
per  sq.  in.      Its  structure  is  elastic,  so  that  it  may  not  be  rent  or 
disturbed  by  the  movement  of  the  parts,  resulting  from  alternate 
expansion  and  contraction ;  and  it  is  so  set  and  the  fittings  are  so 
arranged  that  the   whole   may  be   above   board   and  accessible  to 
inspection.     The  writer  does  not  agree  with  the  view,  so  obstructive 
to   improvement,   but  too   generally   held,   that   anything  will  do 
for  a  boiler,  and  that  it  is   only  a  boiler   after  all.       He  thinks 
that  a  boiler   should  receive   as   much   attention  as    an    engine; 
that  it  should  be  made  with  as  much  accuracy  and  attended  with 
as  much  care ;   that  the  fireman  should  not  be  condemned  to  work 
in  a  dark  dirty  cellar,  called  a  stoke-hole,  and  the  boiler  be  assumed 
to  be  necessarily  black  and  grimy;   but  that  the  boiler  should  be 
placed  in  a  suitable  house  kept  bright  and  cheery,  and  the  fittings 
as  well  as  the  whole  structure  kept  clean  and  in  first-rate  working 
order;  also  that   the  fireman  should  be  stimulated  to  become  as 
proficient  in  the  art  of  using  his  shovel  and   managing  the  fire 
as  a  fitter  in  using  his  file  and  erecting  an  engine.     If  this  practice, 
happily  adopted  by  some,  were  to  become  general,  and  first-class 
boilers  were  laid  down  instead  of  low-priced  ones,  the  scientific 
boiler-maker  would  have  fairer  scope,  the  steam  user  would  derive 
economy,  and  the  public  would  be  benefited  by  the  prevention  of 
explosions  as  well  as  by  the   abatement  of  the   smoke  nuisance. 
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Tlie  Lancashire  boiler  has  many  variations,  besides  the  simple 
form  already  described.  There  is  the  Gralloway  boiler,  in  which  the 
furnaces  instead  of  running  through  from  one  end  to  the  other 
unite  in  an  oval  flue  strengthened  -with  conical  water  pipes.  There 
is  the  Multitubular,  in  which  the  fui*nace-tubes  unite  in  a  combustion 
chamber,  from  which  a  number  of  small  flue  tubes  about  3  in. 
diameter  and  6  ft.  long  run  to  the  back  of  the  boiler.  There  is 
Hill's  Multiflued  boiler,  in  which  seven  flues  about  11  in.  diameter 
and  8  to  10  ft.  long  take  the  place  of  the  small  flue  tubes  in  the 
multitubular  boiler.  There  are  also  others  in  which  the  furnace- 
tubes  branch  ofl  to  the  sides  or  the  bottom  of  the  shell,  instead  of 
rmming:  rigfht  througrh  to  the  back  end.  To  all  these  variations 
of  the  Lancashii-e  boiler,  and  also  to  the  Cornish,  this  paper  applies 
as  regards  the  construction  of  the  shell  and  furnace-tubes,  as  well 
as  in  regard  to  the  setting  and  equipment  of  the  whole. 

To  assist  in  the  construction  of  Lancashire  boilers  for  high 
pressures,  the  Manchester  Steam  Users'  Association  authorised  the 
making  of  a  boiler  expressly  for  undergoing  a  series  of  hydraulic 
bursting  tests ;  and  the  manufacture  of  the  boiler  was  entrusted  to 
Mr.  Beeley  of  Hyde  Junction,  who  rendered  valuable  assistance  in 
the  prosecution  of  the  trials.  This  experimental  boiler  was  7  ft. 
diameter,  which  is  the  usual  size  for  mill  service,  and  was  adapted 
for  a  working  pressure  of  75  lb.  per  sq.  in.  Eleven  experimental 
bui'sting  tests  have  been  made,  careful  observations  being  taken  of 
the  behaviour  of  the  boiler  while  under  pressure.  These  tests  have 
furnished  valuable  information,  and  when  they  are  completed  the 
results  will  be  fully  published.  Some  of  the  results  are  given  in  this 
paper.  In  order  to  preserve  the  precise  form  and  character  of  the 
rents  produced,  the  solid  plating  around  them  has  been  cut  out  of 
the  boiler  intact ;  several  of  these  specimens  are  exhibited  at  the 
meeting.  An  actual  end  plate  of  a  boiler  7  ft.  diameter,  got  up 
and  equipped  in  accordance  with  the  standard  adopted  by  the 
Manchester  Steam  Users'  Association,  has  been  prepared  for 
exhibition. 

In  describing  the  boiler  under  consideration,  which  is  shown  in 
Figs.  1  to  3,  Plates  5  and  6,  it  is  proposed  to  treat  firstly  on  its 
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construction,  secondly  on  its  equipment,  thirdly  on  its  setting,  and 
then  finally  to  give  a  few  particulars  as  to  weight  and  cost,  heating 
surface,  and  "working  I'esults. 

COXSTKUCTION. 

Dimensiom. — Short  boilers  are  found  to  do  more  work  in 
proportion  than  long  ones ;  this  has  been  confirmed  by  experiments 
on  the  rapidity  of  evaporation  by  Mr.  Charles  Wye  Williams 
and  others.  Also  short  boilers  strain  less  than  long  ones,  and  are 
therefore  less  liable  to  need  repair.  A  length  of  30  ft.  should  be 
the  maximum,  while  with  regard  to  the  minimum  some  Lancashire 
boilers  to  suit  particular  positions  have  been  made  as  short  as  21  ft. 
and  found  to  work  well,  though  the  fittings  become  rather  crowded. 
The  length  recommended  and  now  generally  adopted  is  27  ft. 

The  diameter  of  the  boiler  is  governed  by  the  size  of  the 
furnaces,  which  should  not  be  less  than  2  ft.  9  in.  to  admit  of  a 
suitable  thickness  of  fire  and  afford  convenience  in  stoking.  Thick 
fires  are  more  economical  than  thin.  ones.  The  space  between  the 
two  furnace-tubes  shoidd  not  be  less  than  5  in.,  and  that  between 
the  furnace-tubes  and  the  side  of  the  shell  4  in.,  in  order  to  afford 
convenient  space  for  cleaning  and  for  the  free  circulation  of  the 
water,  as  well  as  to  give  sufficient  width  of  end  plate  for  enabling 
it  to  yield  to  the  expansion  and  contraction  of  the  furnace -tubes. 
With  this  width  of  water  space  it  will  be  found  that  furnace-tubes 
having  a  diameter  of  2  ft.  9  in.  require  a  shell  of  7  ft.,  which  will 
afford  a  headway  of  about  2  ft.  9  in.  from  the  crown  of  the  furnaces 
to  the  crown  of  the  shell.  A  furnace  3  ft.  diameter  gives  room  for 
a  thicker  fire  than  one  2  ft.  9  in.,  but  it  requires  a  shell  7  ft.  6  in. 
diameter.  For  high  pressures,  the  smaller  diameter  of  7  ft.  is 
generally  preferred,  and  has  come  to  be  adopted  as  a  standard  size 
for  mill  boilers  throughout  Lancashire,  though  one  of  7  ft.  6  in. 
makes  a  good  boiler  and  gives  a  greater  Ind.  H.  P.  per  lineal  foot 
of  frontage  than  one  of  7  ft.  The  diameters  both  of  the  shell 
and  of  the  furnace-tubes  are  measured  internally,  that  of  the  shell 
being  taken  at  the  inner  ring  of  plating. 


May.  LANCASHIRE    BOILER.  63 

Ends. — The  ends,  more  especially  the  front,  are  the  seat  of 
the  grooving  action  which  occurs  in  Lancashire  boilers  when 
disproportioned.  These  grooves  occur  inside  the  boiler  and  around 
the  furnace  mouth,  as  shown  at  R  S  in  Figs.  4  and  5,  Plate  7.  They 
are  the  product  of  mechanical  and  chemical  action  combined.  The 
plate  is  fretted  by  being  woi'ked  backwards  and  forwards  by  the 
movement  of  the  furnace-tubes  consequent  on  the  action  of  the  fire, 
and  when  in  that  condition  is  attacked  by  the  acidity  of  the  water. 
To  prevent  this  grooving,  the  ends  should  be  rendered  elastic  so  as 
to  endure  the  buckling  action  without  fatigue.  To  secure  this 
elasticity  there  should  be  not  only  a  sufficient  width  of  end  plate 
between  the  two  furnace-tubes  as  well  as  between  them  and  the 
shell,  as  already  explained,  but  also  a  space  of  9  in.  between  the 
centre  of  the  bottom  rivet  in  the  gussets  and  those  at  the  furnace 
mouth.  Also  five  gusset  stays  are  found  to  work  in  better  than  any 
other  number.  With  five  gussets,  one  falls  on  the  centre  line, 
which  is  not  only  the  weakest  part  of  the  front  end  plate  and 
thus  where  it  requires  the  most  support,  but  also  where  it  can 
be  held  fast  without  resisting  the  movements  of  the  furnace-tubes. 
The  part  of  the  end  plate  that  should  be  left  free  is  that  immediately 
over  the  furnace  crowns.  With  four  gussets,  as  shown  in  Fig.  4, 
the  end  plate  is  more  unguarded  at  the  centre,  which  is  the  weakest 
part,  and  more  confined  immediately  over  the  furnace-tubes,  which  is 
the  line  of  motion. 

The  thickness  of  the  end  plates  is  sometimes  as  much  as  |  in.  for 
pressures  ofi#60  lb.  per  sq.  in.  This  thickness  however  is  quite 
unnecessary,  and  only  tends  by  its  rigidity  to  cramp  the  furnace-tubes 
and  strain  the  parts.  Half  an  inch  has  been  repeatedly  and  successfully 
adopted  in  boilers  for  pressures  of  75  lb.  per  sq.  in.,  and  9-16ths  in. 
when  that  pressure  has  been  exceeded.  These  thicknesses  have 
proved  amply  sufficient. 

In  applying  the  hydraulic  test  to  boilers  of  the  construction  and 
proportions  now  described,  before  leaving  the  maker's  yard,  it  is  the 
practice  to  carry  the  pressure  up  to  about  150  lb.  per  sq.  in.,  and  to 
strain  fine  cords  across  the  flat  ends  to  act  as  straight  edges  from 
which  to  gauge  the  ends,  measurements  being  taken  at  twelve  points 
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before  the  test,  during  the  test,  and  after  the  test.  It  is  found  as  a 
rule  that  the  plate  under  pressure  bulges  outwards  at  the  centre 
from  tV  ^  B  i^-'  ^^^  °^  ^^®  removal  of  the  pressure  returns  to  its 
orioinal  position  without  suffering  any  permanent  set.  In  the 
experimental  hydi'aulic  bursting  tests,  the  ends,  though  only  |  in. 
thick,  have  stood  repeatedly  a  pressure  of  275  lb.  per  sq.  in.  without 
leakage  or  any  appearance  of  distress;  but  on  the  pressm*e  being 
raised  to  300  lb.  the  front  end  plate  displayed  signs  of  weakness  in 
the  vicinity  of  the  mudhole  A  beneath  the  furnace-tubes.  Fig.  2. 
"With  this  exception  the  greatest  bulging  was  |  in.  at  the  front, 
and   T^e    i°^-  ^^  ^^®   back,  while    the    greatest   permanent  set  was 

only  iV  in. 

Longitudinal  stays  are  frequently  introduced  to  assist  the  end 
plates.  In  the  experimental  tests  the  longitudinal  stays  were  taken 
out,  so  that  it  is  clear  they  are  not  absolutely  necessary  where  the 
gussets  are  substantial.  Should  it  however  be  thought  desirable  to 
adopt  them,  either  as  an  extra  precaution  or  as  afterclaps  to  assist 
the  gussets  when  too  weak,  they  will  be  found  easy  of  introduction. 
They  are  therefore  shown  at  B  in  Figs.  1  and  3,  and  it  will  be 
observed  that  they  are  secured  at  each  end  with  double  nuts,  one 
inside  the  boiler  and  one  outside,  and  are  placed  as  much  as  14  in. 
above  the  level  of  the  furnace  crowns,  and  as  close  together  as 
convenience  will  allow.  When  placed  directly  over  the  furnace 
crowns,  and  only  a  few  inches  above  them,  they  confine  the  fui-nace- 
tubes  too  strictly,  and  straining  ensues.  A  single  stay  on  the 
vertical  centre  line  of  the  front  end  plate  is  correct*  in  principle, 
but  two  are  more  convenient  in  application. 

To  increase  the  elasticity  of  the  front  end  plate,  it  is  attached  to 
the  shell  by  an  external  angle-iron  rather  than  by  an  internal  one 
or  by  flanging.  It  is  not  necessary  to  attach  the  end  plate  at  the 
back  of  the  boiler  with  an  external  angle-iron,  and  when  this  has 
been  done  the  angle-iron  has  been  found  to  be  injured  by  the  action 
of  the  flame. 

Both  of  the  end  plates,  instead  of  being  made  in  two*  pieces 
riveted  together  at  the  joint,  are  welded.  This  affords  a  flat  surface, 
which   in  the  case  of  the  front  end  is   more   convenient  for  the 
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attachment  of  the  mountings.  Also  both  of  them  are  turned  in 
the  lathe  at  the  outer  edge,  so  as  to  be  rendered  perfectly  cii'cular, 
and  are  bored  out  at  the  openings  for  the  furnace-tubes. 

Furnace-Tuhes. — The  longitudinal  joints  in  the  fui'nace-tubes  are 
welded  when  the  plates  are  of  iron,  and  double-riveted  when  of  steel, 
each  belt  of  plating  being  made  in  one  length  and  thu5  having  but  one 
longitudinal  joint.    All  the  transverse  seams  of  rivets  are  strengthened 
with  Adamson's  flanged  joint,  or  with  an  encircling  hoop  either  of 
Bowling  iron,  T  iron,  or  other  approved  section.    Adamson's  flanged 
seam  is  shown  in  cross  section  in  Fig.  6,  Plate  8,  the  T  seam  in 
Fig.  7,  the  Bowling  hoop  in  Fig.  8,  and  the  Bolton  steel  hoop  in  Fig.  9. 
.  One  of  the  evils  that  has  attended  internally-fired  boilers  has  been 
the   frequent   collapse   of  the   furnace-tubes  ;    but  this   danger  is 
completely  avoided  by  strengthening  the  tubes  as  just  described, 
whereby,  instead  of  being  weaker  than  the  shell  as  before,  they  are 
rendered  stronger.    This  has  been  shown  by  the  experimental  bursting 
tests,  in  which,  while  the  shell  has  been  bui'st  repeatedly,  the  furnace- 
tubes  have  not  suffered  at  all,  nor  shown  any  movement  on  being 
gauged.      In  some  cases  Petrie's  water  pockets,  shown  in  Figs.  12 
and  13,  Plate  9,  and  in  others  Galloway's  conical  water  pipes,  shown 
in  Fig.  11,  are  introduced  as  a  precaution  against  collapse ;  while 
in  others  again  the  water  pipes  are  made  parallel,  as  in  Fig.  3,  and 
either  riveted  or  welded  in  place,  so  as  to  form  one  piece  with  the 
flue  tube.     In  aU  cases  however  the  transverse  seams  of  rivets  over 
the  fire  should  be  strengthened  with  flanged  seams  or  encii-cling 
hoops ;   and  it   is  considered   desirable  to   continue   this   mode   of 
construction  throughout  the  entii^e  length  of   the   boiler,  whether 
water  pockets  or  water  pipes  are  introduced  or  not. 

The  thickness  of  the  plates  in  the  furnace-tubes  is  sometimes 
as  much  as  ^  in.  This  leads  to  violent  straining  and  frequent  leakage 
at  the  furnace  mouths  and  other  ti-ansverse  seams  of  rivets.  Many 
furnace-tubes  2  ft.  9  in.  diameter,  though  only  ^  in.  thick,  have  stood 
a  hydraulic  test  of  120  lb.  per  sq.  in.  without  movement,  and  have 
worked  satisfactorily  for  years  at  a  steam  j^ressm'e  of  60  lb.  It  is 
advisable  however  to  have  them  a  little  thicker  than  this,  in  order  to 
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afford  a  margin  for  waste  tlirough  corrosion,  and  also,  when  the 
flanged  seam  is  adopted,  in  order  to  allow  for  the  thinning  that  occurs 
in  drawing  the  metal  to  make  the  flange.  A  thickness  of  f  in.  is 
sufficient  for  a  working  pressui'c  of  75  lb.  per  sq.  in.,  -|-|  in.  for  a 
pressure  of  80  lb.  or  90  lb.,  and  -^  m.  for  100  lb.  per  sq.  in. 

Stays  are  sometimes  introduced  for  supportiag  the  furnace-tubes. 
Such  stays  however  in  the  Lancashire  boiler  are  unnecessary,  and 
when  rigid  are  decidedly  objectionable.  Furnace-tubes  should  be 
left  free  to  move.  As  soon  as  a  fire  is  lighted  within  them  the  top  of 
the  tube  becomes  hotter  than  the  bottom  and  elongates.  This  makes 
the  tube  arch  upwards.  In  conducting  a  series  of  trials  in  1867  and 
1868  for  the  South  Lancashire  and  Cheshire  Coal  Association  on  the 
evaporative  efficiency  of  their  coals,  and  also  on  the  comparative  merits 
of  different  boilers,  the  writer  had  three  gauge-rods  attached  to  the 
crown  of  the  fui'nace-tubes  of  two  Lancashire  boilers,  and  carried 
up  vertically  through  the  external  shell  by  means  of  brass  stuffing- 
boxes,  so  that  a  ready  opportunity  was  afforded  of  witnessing  the 
rise  and  fall  of  the  f ui'nace-tubes ;  while  as  the  gauge-rods  divided 
the  tubes  into  equal  lengtjis,  a  comparison  could  be  drawn  as  to  the 
movements  of  the  different  parts.  Constant  observation  showed 
that  the  distortion  of  the  tubes  varied  very  much  at  different  times, 
being  most  severe  shortly  after  lighting  the  fires,  while  the  colder 
the  water  to  start  with,  the  greater  was  the  rise  of  the  crown.  As 
soon  as  the  water  became  generally  heated  the  gauge-rods  retired  to 
their  old  position,  and  the  distortion  of  the  fumace-tubes  seldom 
lasted  more  than  an  hour.  The  boilers  were  28  ft.  long,  the  fumace- 
tubes  of  steel  -j^  in.  thick  in  one  case,  and  of  iron  |  in.  in  the  other. 
Care  was  taken  not  to  strain  the  boiler  by  severe  firing,  steam  being 
got  up  with  the  dampers  only  partially  open.  Yet  the  furnace-tubes 
rose  §  in.  when  the  flames  pas.sed  around  the  boiler  in  the  external 
brickwork  flues  in  the  ordinary  way,  and  \  in.  when  they  passed  off 
direct  to  the  chimney  without  heating  the  outer  shell.  The  curve 
that  the  flue  appears  to  assume  is  not  a  segment  of  a  circle.  The 
gauge-rod  at  a  quarter  of  the  length  of  the  boiler  from  the  front 
showed  in  one  case  as  high  a  rise  as  the  rod  placed  midway  in  the 
length  of  the  boiler,  and  in  another  case    iV  in.   more.     This  is 
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just  -what  might  be  expected  from  the  local  action  of  the  fire,  and 
accounts  for  the  grooving  action  being  far  more  severe  at  the  front 
end  of  a  boiler  than  at  the  back,  and  shows  the  importance  of 
affording  greater  elasticity  at  that  part.  Fnmace-tubes  lashed  to  the 
shell  often  tear  themselves  away  from  it  in  ordinary  work,  and  the 
fractured  stay  rubbing  against  the  shell  leaves  a  witness  of  its 
movements,  the  amount  of  which  frequently  exceeds  that  just 
mentioned.  In  one  case  a  fui'nace-tube  that  had  a  stay  tying  it  to 
the  top  of  the  shell  was  found  to  have  crumpled  up  the  stay  and 
broken  it  by  an  upward  thi'ust,  showing  how  little  need  there  had 
been  for  trying  to  keep  the  furnace-tube  fi'om  drooping. 

Shell. — The  shell,  which  is  ^  in.  thick  for  a  pressure  of  75  lb. 
per  sq.  in.,  and  ^  in.  thick  for  a  pressure  of  100  lb.,  is  flbmposed 
of  plates  about  3  ft.  wide,  which  are  laid  in  not  more  than  three 
lengths  round  the  cii'cumference,  in  order  that  the  longitudinal 
seams  may  clear  the  brickwork  seatings.  The  longitudinal  seams 
are  so  aiTanged  as  to  break  joint  and  avoid  the  centre  line  along  the 
top  and  bottom  of  the  boiler.  In  all  the  longitudinal  rents  obtained 
under  the  experimental  hydi'aulic  tests,  the  plates  bulged  outwards 
at  the  middle  of  theii'  width,  and  this  action  was  observed  to  a 
slight  extent  before  ruptui-e,  showing  that  the  gi-eatest  strain  and 
thus  the  point  of  first  fracture  occui'red  at  or  near  the  centre  line 
of  each  plate.  This  would  seem  to  show  that  breaking  joint  is  of 
practical  advantage,  and  that  a  boiler  composed  of  wide  plates  is 
not  so  strong  as  one  composed  of  narrow  ones. 

There  is  no  steam  dome.  Steam  domes  are  expensive,  they 
weaken  the  shell,  and  often  give  trouble  from  leakage  at  the  base. 
Added  to  this  they  are  inconvenient  in  carriage,  as  well  as  in 
revolving  a  boiler  on  its  seat,  as  it  is  sometimes  desirable  to  do  for 
repau's  ;  they  are  also  inconvenient  in  covering  the  boiler  over,  and 
in  the  great  majority  of  cases,  if  not  in  every  instance,  they  are 
for  stationary  boilers  perfectly  useless.  To  prevent  priming,  an 
internal  perforated  pipe  C,  Figs.  1  and  3,  is  adopted  in  place  of  the 
dome.  Under  hydraulic  pressure  with  a  steam  dome  3  ft.  diameter, 
"i^  in.  thick,  and  the  whole  of  the  shell  plate  at  its  base  cut  away  so 
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as  to  form  an  opening  as  large  as  itself,  tlie  flange  at  the  base  of 
the  dome  ripped  at  a  pressm-e  of  150  lb.  per  sq.  in.  At  a 
second  trial  with  a  dome  of  the  same  diameter,  and  a  portion 
only  of  the  shell  plate  cut  away,  the  dome  strained  so  much 
round  its  base  and  caused  such  violent  leakage  that  a  pressure 
of  more  than  235  lb.  could  not  be  obtained.  At  a  third  trial, 
the  steam  dome  having  been  removed  and  refixed  with  stouter 
rivet  heads,  so  as  to  resist  the  upward  strain  that  was  induced, 
.  the  flange  at  the  bottom  of  the  dome  ripped  on  the  centre 
line  of  the  boiler  at  a  pressure  of  260  lb.  per  sq.  in.  In  this 
instance  the  workmanship  was  all  good  and  sound,  but  where  the 
quality  of  the  plates  .is  inferior  or  the  domes  are  attached  with 
reedy  angle-irons,  the  weakening  effect  must  be  much  greater. 
Steam  4omes  clearly  establish  a  weak  point  in  a  shell,  and  are 
better  avoided.* 

The  manhole  D,  Fig.  1,  is  guarded  with  a  substantial  raised 
mouthpiece  of  wi'ought  iron,  welded  into  one  piece,  flanged  at  the 
bottom  and  attached  to  the  boiler  with  a  double  row  of  rivets,  the 
thickness  of  the  upper  flange  being  |  in.,  and  of  the  body  |  in.  This 
has  been  found  to  stand  a  test  of  300  lb.  per  sq.  in.  without  the 
slightest  indication  of  straining.  A  raised  wi'ought-iron  manhole 
mouthpiece  is  exhibited.  It  is  too  frequently  the  practice  not  to 
strengthen  manholes  with  any  mouthpiece  at  aU.  Many  explosions 
have  arisen  from  this  cause,  rents  starting  in  the  first  place  from 
the  unguarded  manhole,  and  then  extending  all  over  the  boiler. 
The  loss  of  strength  is  owing  not  simply  to  the  amount  of  metal  cut 

*  A  striking  illustration  of  the  weakness  of  steam  domes  has  recently  been 
furnished  by  two  marine  boiler  explosions,  one  occurring  on  26th  June 
1875,  on  board  the  S.  S.  "  Marcasite,"  the  other  on  1st  July  1875,  on  board 
the  S.  S.  "  Renown."  In  both  these  cases  the  oteam  domes  were  planted  on 
cylindrical  shells,  secured  thereto  by  flanging  and  a  double  line  of  rivets.  In  both 
cases  the  dome  was  blown  off,  rending  all  round  at  the  base,  the  rent  running 
through  the  inuer  line  of  rivet  holes  for  the  greater  part  of  its  course  and 
through  the  solid  metal  at  the  root  of  the  flanging  for  the  remainder.  The 
diameter  of  the  domes  in  each  case  was  about  4  ft,  and  the  thickness  of  the 
plates  i  in.  The  dome  of  the  "  Kenown "  blew  off  at  about  the  ordinary 
working  pressure  of  65  lb.,  and  that  of  the  "  Marcasite  "  at  somewhat  .ibove 
the  ordinary  working  pressure,  but  the  exact  amount  is  not  known. 
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away  by  the  opening,  but  also  to  the  action  of  the  cover,  which  in 
unguarded  manholes  is  generally  internal.  This  internal  cover  bears 
on  a  naiTOw  edge  of  plating  all  round,  and  is  driven  outward  by  the 
pressure  of  the  steam,  and  also  pulled  in  the  same  dii'ection  by  the 
bolts  in  tightening  the  joint.  In  fact  the  cover  acts  as  a  sort  of 
mandrel,  which  being  forcibly  driven  through  the  manhole  splits 
the  boiler  open.  A  heavy  hydi^aulic  test  shows  this  action  of  the 
cover,  by  curling  the  boiler  plate  up  around  the  manhole.  Added 
to  this,  the  joint  is  apt  to  leak,  and  thus  to  induce  corrosion 
and  thin  the  plate,  which  not  only  reduces  its  strength  but 
leads  to  extra  force  being  applied  to  tighten  the  joint ;  several 
explosions  have  occurred  shortly  after  the  joint  has  been  re-made. 
It  has  been  the  general  practice  till  recently  to  make  raised 
mouthpieces  of  cast  iron.  This  however  is  not  wise  for  the  high 
pressures  now  in  use.  A  raised  manhole  mouthpiece  having  a  clear 
opening  of  16  in.  diameter,  which  is  the  usual  si^e,  involves  a 
hole  in  the  shell  plate  at  its  base  of  about  20  in.  diameter.  The 
plate  in  which  this  hole  is  cut,  unless  it  be  duly  strengthened, 
becomes  the  weakest  part  of  the  boiler  when  the  longitudinal  seams 
are  double-riveted,  the  furnace-tubes  suitably  strengthened  with 
encii'cling  rings,  and  the  ends  well  stayed ;  so  that  the  stability  of 
the  entire  structure  depends  on  the  mouthpiece :  if  that  fails,  the 
whole  structure  fails.  Under  these  circumstances  it  is  evidently 
unwise  to  risk  the  safety  of  the  boiler  on  a  piece  of  cast  iron.  This 
view  is  confirmed  by  the  behaviour  of  cast-iron  manhole  mouthpieces 
under  hydi'aulic  pressure.  Several  have  failed  under  the  ordinaiy 
test  at  the  boiler-maker's  yard,  while  at  one  of  the  expeiimental 
bursting  tests  a  cast-iron  manhole  mouthpiece  of  substantial  pattern, 
measuring  1|  in.  thick  in  the  lower  flange  and  1  in.  in  the  body, 
rent  at  a  pressure  of  2001b.  per  sq.  in.,  though  the  metal  exhibited  a 
good  sound  fracture.  This  specimen  is  exhibited  to  the  meeting. 
It  would  appear  that  under  pressure  there  is  a  considerable  upward 
strain  on  the  plates  around  the  mouthpiece ;  and  that  while 
wrought-ii'on  mouthpieces  are  able  to  accommodate  themselves  to  this 
without  distress,  cast-iron  ones  are  not.  These  tests  have  shown  that 
wrought-iron  manhole  mouthpieces  are  much  superior  to  cast-iron, 
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and  tliat  the  sooner  cast-iron  ones  are  generally   superseded  by 
wi'ouglit-iron  tlie  better. 

The  mudhole  A,  Figs.  1  and  2,  at  the  front  of  the  boiler,  beneath 
the  furnace-tubes,  is  also  fitted  with  a  substantial  mouthpiece.  This 
in  some  cases  is  external,  like  the  manhole  mouthpiece,  and  in  others 
internal,  as  shown  in  Fig.  1.  The  internal  ones  have  the  advantage 
of  being  less  in  the  way.  In  either  case  the  surfaces  at  the  joint 
between  the  body  of  the  mouthpiece  and  the  cover  are  faced  true, 
so  that  the  parts  may  be  brought  together  metal  to  metal. 

The  safety-valves  E  and  F  and  the  steam  stop-valve  G  are  fixed  to 
the  shell,  each  with  its  own  independent  opening,  and  not  grouped 
upon  the  manhole  mouthpiece  as  is  sometimes  the  case,  the  object  of 
gi'ouping  them  being  to  reduce  the  number  of  holes,  on  the  principle 
that  the  fewer  holes  made  in  a  boiler  the  better.  This  argument  is 
plausible  but  fallacious.  The  manhole  makes  the  largest  opening, 
and  therefore  exerts  the  greatest  weakening  effect.  The  weakest  link 
in  a  chain  is  the  measui*e  of  the  strength  of  the  whole ;  so  that 
fixing  the  steam  stop-valve  and  safety-valves  dii*ectly  to  a  boiler 
with  suitable  fitting  blocks  does  not  weaken  it.  Moreover,  for 
convenience  in  attaching  the  fittings,  these  gi-oup  manhole 
mouthpieces  are  made  of  cast  iron,  which  as  ah-eady  explained 
is  objectionable.  It  is  therefore  recommended  that  manhole 
mouthpieces  should  not  be  complicated  by  the  addition  of  the 
safety-valves  or  other  fittings,  but  that  each  should  be  fixed  direct 
to  the  shell  and  have  its  own  independent  attachment  and 
thoroughfare. 

Blocks  for  the  attachment  of  Fittings. — In  old-fashioned  practice 
the  fittings  were  bolted  directly  to  the  cylindrical  portion  of  the 
shell.  This  led  to  the  wasting  of  the  shell  through  leakage  at 
the  joints ;  so  that  it  has  long  since  been  the  practice  to  rivet 
short  stand-pipes  to  the  cylindrical  portion  of  the  sheU  and  bolt 
the  fittings  thereto,  the  joint  surface  between  the  flanges  being 
planed  up  true.  These  stand-pipes,  frequently  termed  "fitting 
blocks,"  are  not  only  more  convenient  for  the  attachment  of  the 
fittings,  but  also,  being  riveted  to  the  plate  and  made  of  substantial 
section,   strengthen   the    plate   round    the   hole   cut   in    the  shell. 
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They  are  as  a  riile  made  of  cast  iron,  but  it  becomes  a  question 
whether,  with  the  high  pressures  now  in  use,  they  should  not  be 
made  of  wrought  iron.  At  one  of  the  experimental  bursting  tests, 
a  fitting  block  for  a  6  in.  steam  valvebox  was  found  to  give  way 
before  any  other  part  of  the  boiler,  at  a  pressure  of  275  lb. 
per  sq.  in.,  though  the  flange  was  If  in.  thick,  the  body  |  in.,  and 
the  metal  sound. 

Seams  of  Rivets. — Those  running  longitudinally  in  the 
cylindrical  shell  are  all  double-riveted,  with  f  in.  rivets  pitched 
about  2|  in.  longitudinally  and  2  in.  diagonally.  The  remaining 
seams  throughout  the  boiler  are  single-riveted  only,  the  rivets 
being  2  in.  pitch.  To  double-rivet  the  transverse  seams  adds  but 
little,  if  any,  strength  to  the  boiler,  though  it  increases  its  weight 
and  cost.  It  would  appear  that  the  strain  upon  the  transverse  seams 
of  rivets  in  a  Lancashire  boiler  is  over-estimated.  In  a  plain 
cylindrical  boiler,  without  furnace-tubes,  the  strain  on  the  transverse 
seams  of  rivets  is  precisely  half  that  on  the  longitudinal  seams. 
By  the  introduction  of  the  furnace-tubes  not  only  is  the  longitudinal 
strength  increased,  but  at  the  same  time  the  area  of  the  ends  upon 
which  the  steam  acts  is  lessened,  and  thus  the  strain  is  lessened  also ; 
so  that  in  the  Lancashire  boiler  the  strain  on  the  transverse  seams 
of  rivets  is  less  than  half  that  on  the  longitudinal  seams.  The  force 
of  this  reasoning  however  is  sometimes  disputed,  and  tie  rods  are 
introduced  to  support  the  transverse  seams  of  rivets  in  the  shell. 
But  in  the  hydraulic  bursting  tests,  with  the  tie  rods  removed,  the 
longitudinal  seams  of  rivets  were  found  to  fail  in  every  case  before 
the  transverse  seams,  which  never  showed  the  slightest  signs  of 
distress  and  scarcely  leaked  a  drop,  while  some  of  the  longitudinal 
seams  under  severe  pressure  shortly  before  rupture  leaked  profusely. 

The  riveting  is  done  by  machine  in  preference  to  hand  in  the 
cylindrical  shell,  in  the  furnace-tubes,  and  as  far  as  practicable  in 
the  flat  ends.  In  the  experimental  bursting  tests,  the  machine 
work  in  every  case  proved  much  tighter  than  the  hand  work.  The 
rivet  holes  in  the  angle  irons,  T  irons,  and  flanged  seams  are  drilled, 
those  in  the  plates  being  punched  by  most  makers ;  though  by  some 
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the  holes  are  drilled  throughout,  and  the  practice  of  drilling  is  strongly 
advocated  by  them.  In  investigating  an  explosion  that  occTirred  at 
Blackburn  in  March  1874,  the  mean  tensile  strength  in  twelve  tests 
of  a  solid  plate  was  found  to  be  21-19  tons  per  sq.  in.,  and  in  four 
tests  of  a  punched  plate  20-17  tons,  showing  a  loss  by  punching  of 
1-02  tons  per  sq.  in.,  or  about  5  per  cent.  The  question  of  drilling 
versus  punching,  and  also  of  the  pitch  and  diameter  of  rivets,  is  one 
that  deserves  further  consideration;  and  it  may  be  added  that  a 
boiler  7  ft.  diameter,  and  made  of  plates  -^  in.  thick,  having  the 
longitudinal  seams  double-riveted  with  |  in.  rivets,  pitched  3  in. 
longitudinally,  instead  of  2\  in.  as  usual,  was  found  tight  at  a 
hydraulic  pressure  of  120  lb.  per  sq.  in.  The  edges  of  the  plates 
at  the  longitudinal  seams  of  rivets  are  planed  and  caulked  lightly, 
inside  as  weU  as  out ;  though  in  many  cases  caulking  is  superseded 
by  fullering. 

Material. — As  a  nde,  boilers  made  under  the  inspection  of  the 
Manchester  Steam  Users'  Association  are  of  iron  in  the  shell,  while 
steel  plates  are  very  frequently  introduced  in  the  furnace-tubes  for  a 
length  of  9  ft.  over  the  fire,  and  sometimes  from  one  end  of  the 
boiler  to  the  other.  For  the  furnace-tubes  steel  plates  have  been  found 
to  give  great  satisfaction,  but  a  little  suspicion  has  been  entertained 
with  regard  to  their  use  for  shells,  seeing  that  the  plates  are  then  in 
tension,  and  that  a  small  flaw  through  brittleness  might  extend  till 
it  produced  serious  consequences.  "  Best  best "  plates  from  first-class 
makers  are  always  recommended,  more  importance  being  attached  to 
their  ductility  than  to  their  tensile  strength.  Brands  however  are 
uncertain,  and  it  is  thought  desii'able  that  a  complete  system  of 
testing  should  be  adopted,  and  that,  before  a  boiler  is  made,  one  plate 
out  of  the  set  proposed  to  be  used  should  be  tested  as  a  check,  the 
investigation  having  special  reference  to  ductility.  Low  Moor 
rivets  are  frequently  used  and  may  be  recommended. 
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Equipment. 

Arrangement  of  Fittings. — The  fittings  are  so  arranged  that  all 
those  requiring  freqnent  access  are  immediately  within  reach  of  the 
attendant  when  standing  in  front  of  the  boiler.  The  feed  is 
introduced  on  one  side  of  the  fi'ont  end  plate,  about  4  in.  above  the 
level  of  the  furnace  crowns,  an  internal  dispersing  pipe  H,  Figs.  1 
and  3,  being  caiTied  along  inside  the  boiler  for  a  length  of  about 
12  ft.,  and  perforated  for  the  last  4  ft.  of  its  length.  On  the 
opposite  side  of  the  front  end  plate  is  fixed  the  scum  tap,  to  which 
is  connected  a  series  of  sediment- catching  troughs  K,  Fig.  3,  fixed 
inside  the  boiler.  In  the  centre  of  the  end  plate  are  two  glass 
water-gauges  J  J,  Fig.  2,  so  that  one  may  act  as  a  check  upon  the 
other,  a  pointer  being  fixed  to  show  the  correct  height  at  which 
the  water  should  be  kept.  Immediately  above  the  water-gauges 
is  a  dial  pressure-gauge  L,  and  above  that  a  dead-weight  safety- 
valve  E.  Thus  whenever  the  attendant  opens  the  furnace  doors 
to  charge  the  fires,  he  has  the  height  of  the  water  and  the  pressure 
of  the  steam  directly  before  him.  Under  his  feet  is  the  blow-out  tap, 
and  behind  him  the  coal  supply,  so  that  everything  is  ready  to 
hand.  He  has  not  to  climb  a  ladder  in  order  to  reach  the  water- 
gauges  or  ascertain  the  steam  pressure,  nor  to  mount  on  the  top  of 
the  boiler  in  order  to  regulate  the  feed  supply.  A  handle  for 
regulating  the  dampers  is  frequently  brought  to  the  boiler  front. 
On  the  top  of  the  boiler  are  two  safety-valves,  one  a  dead- weight 
valve  E  of  external  pendulous  construction,  the  other  a  low-water 
valve  F,  Fig.  1. 

But  convenience  in  manipulation  is  not  the  only  reason  for  this 
arrangement  of  fittings.  If  the  feed  be  cold  and  be  introduced  near 
the  bottom  of  the  boiler,  it  is  apt  to  induce  local  contraction,  and 
thereby  strain  the  transverse  seams  of  rivets  at  the  bottom  of  the 
shell ;  but  when  introduced  near  the  surface  of  the  water  and  passed 
through  an  internal  perforated  pipe,  it  becomes  dispersed  before 
falling  to  the  bottom.  Further,  although  non-return  valves  may 
be  introduced,  they  will  sometimes  fail  and  allow  the  water  to  escape, 
whereby  the  furnace  crowns  become  bare  and  overheated.  When 
the  feed  inlet  is  placed  above  the  level  of  the  fui*nace  crowns,  it 
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vriW  be  seen  tliat  tliey  cannot  be  drained  bare  by  leakage  at  the 
non-return  valve  ;  but  wlien  placed  at  -the  bottom  of  tbe  boiler,  tlie 
boiler  may  tben  be  emptied  by  such  an  occurrence. 

Safety-Valves. — The  dead--weight  valve,  which  is  of  the  Cowbum 
type,  as  shown  in  Fig.  10,  Plate  8,  is  extremely  simple  and  efficient. 
The  centre  of  gravity  of  the  load  being  below  the  seating  renders 
unnecessary  either  wing  or  fang  for  keeping  the  valve  in  position, 
and  it  has  therefore  no  frictional  surface  to  get  tight  or  stick  fast. 
These  valves  are  loaded  with  flat  annular  plates  or  rings,  and  the 
shell  is  cast  with  mouldings  around  it  at  the  bottom  which  present 
the  same  appearance,  the  whole  being  so  adjusted  that  each 
moulding  as  well  as  each  annular  plate  represents  a  pressure  of 
5  lb.  per  sq.  in.  on  the  valve.  Large  numbers  of  these  valves  are  in 
use,  and  they  are  highly  approved.  The  diameter  generally  adopted  is 
4  in.,  which  requires  approximately  a  load  of  8  cwt.  for  a  blowing-off 
pressure  of  75  lb.,  and  11  cwt.  for  100  lb.  per  sq.  in.  On  this 
valve  the  addition  of  two  or  three  bricks  produces  no  appreciable 
effect,  whereas  at  the  end  of  a  long  lever  the  result  would  be 
different.  To  double  the  blowing-off  pressm*e  it  would  be  necessary 
to  add  about  8  cwt.  to  the  load  for  75  lb.,  and  11  cwt.  for  100  lb. 
Such  an  addition  there  would  be  great  difficulty  in  attaching  to  the 
valve,  and  if  it  were  done  it  would  be  so  conspicuous  as  at  oncei*to 
call  attention  to  the  fact.  The  great  weight  required  to  load  this 
valve  is  considered  therefore  to  be  a  safeguard :  and  several 
explosions  due  to  overloading  have  been  met  with,  which  would 
have  been  prevented  by  its  use. 

The  low- water  safety-valve  shown  at  Fin  Fig.  1  is  of  the  Hopkinson 
type ;  but  there  are  also  the  Kay  and  the  Lloyd  low- water  valves, 
which  though  vai'^nng  in  detail  are  similar  in  their  object.  Each  has 
a  lever  inside  the  boiler,  to  which  is  attached  a  float,  so  that  when  the 
water  f aHs  below  the  desired  level  the  float  faUs  also,  and  thus  raises 
the  valve  and  allows  the  steam  to  blow  off,  thereby  not  only  giving 
an  alarm  but  also  lowering  the  pi'essure.  Hopkinson's  valve  is  a 
compound  one,  having  one  valve  seated  on  another;  the  central 
portion  is  loaded  by  a  dead  weight  inside  the  boiler,  and  operated 
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upon  by  the  lever  in  tlie  event  of  low  water,  while  the  annular 
portion  is  loaded  by  an  external  lever  and  weight,  and  lifts  along 
with  the  central  portion  in  the  event  of  high  steam ;  these  valves 
therefore  blow  off  on  the  occurrence  either  of  high  steam  or  of  low 
water.  The  outer,  valve  is  5  in.  diameter,  and  the  inner  one  2^  in. 
The  fi-eedom  of  the  steam  valve  can  be  tested  by  placing  the  hand 
on  the  lever  when  steam  is  up ;  while  the  freedom  of  the  low-water 
apparatus  can  be  tested  by  opening  the  blow-out  tap  and  lowering 
the  water-level  to  within  about  6  in.  of  the  fmTiace  crowns.  To 
overload  this  valve  without  increasing  the  weight  outside  would 
necessitate  getting  inside  the  boiler  and  wedging  down  the  dead 
weight.  Under  such  cii'cumstances  the  application  of  the  hand  to 
the  external  lever  when  steam  was  up  would  at  once  show  that 
something  was  wrong ;  and  even  if  this  were  not  detected  the 
external  dead- weight  valve  at  the  front  of  the  boiler,  if  fi"ee,  would 
come  to  the  rescue,  while,  if  overloaded,  this  would  be  apparent  at  a 
glance.  It  is  sometimes  recommended  to  have  safety-valves  under 
lock  and  key,  but  it  is  preferred  by  the  writer  to  have  them 
thoroughly  open,  so  that  theii'  publicity  may  be  their  protection. 
While  it  is  fully  admitted  that  no  arrangement  of  safety-valves 
can  be  contrived  which  cannot  be  tampered  with  by  skilled  malice, 
it  is  thought  that  the  combination  of  the  two  valves  just  described 
and  shown  in  Fig.  1  forms  a  very  safe  arrangement. 

Furnace  Mountings. — The  furnace  mouthpieces  N  N,  Fig.  2,  are  of 
wrought  iron,  finished  off  with  a  neat  brass  beading,  and  kept  within 
the  circle  of  the  rivets,  so  as  leave  these  exposed  to  view.  The 
firedoors  are  fitted  with  a  sliding  ventilating  grid  on  the  outside  and 
a  perforated  box  baffleplate  on  the  inside,  the  aggregate  area  of  the 
air  passages  being  about  50  sq.  in.  for  each  door,  or  about  3  sq.  in. 
per  sq.  ft.  of  firegi-ate.  The  firegrate  is  6  ft.  long,  with  the  bars  in 
three  equal  lengths,  about  |  in.  thick,  and  spaced  f  in.  apart  for 
windage.  The  bearers  consist  of  two  wrought-iron  bars  carried  on 
wrought-iron  brackets  riveted  to  the  sides  of  the  fui'nace-tubes. 
The  standard  length  of  grate  is  6  ft.,  but  a  shorter  one  is  productive 
of  economy,  though  the  concentration  of  the  fire  is  more  trying  to 
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tlie  boiler,  and  has  been  found,  where  the  feed  water  has  not  been 
good,  to  injure  the  furnace  plates,  and  render  lengthening  the 
grate  necessary. 

Setting. 

External  Brickivork,  Flues,  and  Course  of  Draught. — The  boiler  is 
set  on  side  walls,  and  rests  on  firebrick  seating  blocks  presenting  a 
bearing  sui-face  5  in.  wide,  as  shown  in  Fig.  3,  Plate  G.  The  side 
flues  are  G  in.  wide  at  the  top,  carried  up  to  the  level  of  the 
fui'nace  crowns  or  a  few  inches  above,  and  down  to  the  level  of 
the  bottom  of  the  sheU.  The  bottom  flue  has  a  width  equal  to  the 
radius  of  the  boiler,  and  a  depth  of  about  2  ft.  These  dimensions 
admit  of  ample  room  for  inspection.  By  keeping  the  width  of  the 
bottom  flue  equal  to  the  radius  of  the  boiler,  the  angle  that  the 
bearing  sui'face  of  the  seating  block  makes  with  the  horizon  is  30° 
for  any  diameter  of  shell. 

The  flame  immediately  after  lea^■ing  the  furnace-tubes  passes 
under  the  bottom  of  the  boiler,  and  returns  to  the  chimney  aloug 
the  side  flues.  This  is  not  the  coui\se  approved  by  Mr.  Pole  in 
his  ti'eatise  on  the  Cornish  Pumping  Engine,  published  in  "Tredgold 
on  the  Steam  Engine "  in  184;4,  in  which  the  setting  of  the 
Cornish  boiler  is  spoken  of  as  follows: — "The  heated  current 
first  impinges  on  the  top  of  the  tube,  over  which  the  highest  and 
therefore  the  hottest  portion  of  the  water  is  lying ;  it  then  passes 
along  the  side  flues,  where  it  finds  the  sui-faces  cooler  than  before ; 
and  last  of  all  it  traverses  under  the  bottom  of  the  boiler,  where  the 
coldest  water  will  always  be.  By  this  means  the  fire  cuiTcnt,  as  it 
gi'adually  cools,  is  likewise  gradually  brought  to  act  upon  cooler  water, 
and  thereby  the  best  opportunity  is  afforded  for  the  extraction  of  the 

free  caloric  it  contains The  descending  motion  of  the  fire 

current,  as  it  cools  in  the  flues  of  the  Cornish  boiler,  is  upon  statical 
principles  much  more  natural  and  more  calculated  to  prevent  the 
unnecessary  discharge  of  heat  into  the  chimney  than  the  ascending 
principle  of  the  oi'dinary  boilers."  Allowing  the  last  heat  however 
to  travel  under  the  bottom  of  the  shell  does  not  promote  the 
circulation  of  the  water,  or  at  all  events  but  slowly  ;  so  that   in 
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getting  up  steam  the  top  of  the  boiler  becomes  hotter  than  the 
bottom,  from  which  straining  ensues.  If  in  addition  to  this,  the  feed 
water  when  cold  be  pumped  in  at  or  near  the  bottom  of  the  boiler,  the 
straining  at  the  transverse  seams  of  rivets  is  intensified.  Possibly  the 
Lancashire  boiler  is  more  subject  to  straining  and  seam-rending  at 
the  bottom  of  the  shell  than  the  Cornish,  as  there  is  a  greater  body 
of  dead  water  lying  there  in  the  Lancashire  boiler,  in  addition  to 
which  the  rate  of  combustion  per  sq.  ft.  of  firegrate  is  much  more 
rapid  in  the  Lancashire  district  than  that  generally  adopted  in 
Cornwall.  In  consequence  of  seam  rents  occurring  at  the  bottom 
of  Lancashire  boilers  when  the  last  heat  is  carried  underneath,  the 
plan  of  passing  the  flame  under  the  bottom  immediately  on  leaving 
the  furnace  tubes,  and  also  of  introducing  the  feed  water  near  the 
sui"face,  has  become  the  general  practice.  The  question  of  economy 
is  met  by  the  use  of  feed- water  heaters,  consisting  of  a  number  of 
water  pipes  placed  in  the  main  flue  between  the  boiler  and  the 
chimney,  and  kept  free  from  soot  by  an  automatic  scraper.  A  good 
feed  heater  will  raise  the  temperatui-e  of  the  water  to  about  240*^. 
This  answers  two  good  purposes  :  it  economises  the  waste  heat 
escaping  to  the  chimney  and  thus  reduces  the  coal  consumption, 
while  at  the  same  time  it  prevents  local  cooling,  thereby  preventing 
straining  and  saving  repairs.  It  has  been  found  by  experiment  that 
passing  the  flames  from  the  furnace  tubes  around  the  outer  shell, 
instead  of  direct  to  the  chimney,  adds  but  little  to  the  yield  of  steam, 
though  it  promotes  economy  of  fuel :  at  the  same  time  it  keeps  the 
boiler  at  a  more  equable  temperature  throughout. 

The  flooring  or  hearth  plates  at  the  front  of  the  boiler  are  set  so 
as  not  to  butt  against  the  boiler,  which  is  too  often  the  case,  but  so 
as  to  be  entirely  below  it,  as  in  Fig.  2,  thus  leaving  the  whole  of 
the  front  end  plate  open  to  view.  Where  there  is  a  range  of  boilers, 
these  flooring  plates  extend  throughout  the  width  of  the  boiler  house  ; 
and  being  finished  off  with  a  fender-flange  where  abutting  against 
the  boundary  walls  of  the  building,  as  well  as  against  the  face  of  the 
brickwork  setting,  they  present  a  very  neat  appearance.  These 
plates  are  carried  on  a  complete  system  of  framing,  and  are 
arranged  for  easy  lifting.     The  hearth  pit  beneath  them  is  open 
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fi-om  one  side  of  the  boiler  house  to  the  other,  aud  in  this  is  laid  the 
main  feed-pipe,  as  well  as  the  discharge  pipe  from  the  blow-out 
aud  scum.  This  pit  is  about  3  ft.  wide  by  2|  ft.  deep,  so  as  to 
afford  room  for  access ;  the  flue  doors  open  into  it.  The  face  of  the 
brickwork  at  the  front  of  the  boilers  is  set  back  6  in.,  so  as  to  leave 
the  angle-ii'on  with  its  circle  of  rivets  perfectly  open.  The  front 
cross  wall  beneath  the  boiler  is  recessed  around  the  blow-out  elbow- 
pipe,  so  that  it  may  be  free  to  move  should  settlement  of  the  boiler 
take  place. 

Boiler  Covering. — The  boiler  is  covered  with  an  arch  of 
brickwork,  leaving  a  space  of  about  2  in.  between  it  and  the  plates, 
as  in  Fig.  3 ;  and  a  layer  of  cork  shavings  or  a  coating  of  good  boiler- 
composition  or  other  suitable  non-conducting  substance  is  introduced 
into  this  space.  Openings  finished  off  with  bull-nosed  bricks  are 
worked  round  the  fittings,  so  as  to  leave  the  ring  of  rivets  by  which 
they  are  attached  to  the  shell  exposed  to  %'iew.  Sometimes  the  boiler 
is  covered  simply  with  a  layer  of  composition,  which  should  not  be 
carried  over  the  flanges  of  the  fittings,  as  is  too  often  the  case,  but 
.should  be  stopped  off  by  means  of  kerb  hoops  dropped  around  the 
flanges,  aud  a  kerb  cast-iron  nosing  to  guard  the  front  angle-iron. 

Conneciiom. — All  connections  to  boilers  should  be  elastic,  so  as  to 
allow  of  their  movement.  If  the  main  steam-pipe  be  carried  across 
the  boilers  aud  bolted  direct  to  the  steam  junction- valve,  the  joints 
are  strained  by  the  rising  and  falling  of  the  boilers  as  they  are  set  to 
work  or  laid  off.  To  prevent  this,  a  springing  length  should  be 
introduced  between  the  steam  stop-valve  G  and  the  main  steam-pipe, 
as  shown  in  Fig.  1.  Where  the  main  steam-pipe  has  a  considerable 
length  to  travel  to  the  engine,  it  .should  not  be  taken  in  a  direct  line, 
but  should  either  be  can-ied  round  the  boiler  house  or  be  led  in  a  horse- 
shoe shaped  course,  to  give  elasticity ;  this  is  better  than  introducing 
an  expansion  joint,  which  is  not  reliable.  Sometimes  expansion 
diaphi-agms  are  adopted ;  but  these  when  as  much  as  4  ft.  diameter 
have  been  known  to  lead  to  the  fractures  they  were  intended  to 
prevent,  the  internal  pressure  causing  them  to  bulge  outwards,  when 
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it  Tvas  expected  that  they  would  allow  the  pipes  to  expand  and  thrust 
them  inwards.  A  case  of  this  sort  has  recently  come  under  the 
writer's  knowledge,  in  which  the  main  junction-yalve  was  broken  off 
by  the  thrust  occasioned  by  the  bulging  of  the  expansion  diaphragm. 
It  is  equally  important  that  the  feed  connection  should  be  elastic ; 
and  from  the  want  of  elasticity,  feed  valve-boxes  have  been  known 
to  fracture.  For  this  pui'pose  a  copper  elbow  connecting-pipe  P, 
Figs.  1  and  2,  is  introduced  between  the  main  feed-pipe  and  the 
stand-pipe;  in  some  cases  a  wrought-iron  horse-shoe  shaped  pipe 
has  been  adopted  instead,  with  very  satisfactory  results. 

Connections  between  the  steam  stop-valve  and  main  steam-pipe 
are  frequently  made  to  incline  tipwards,  as  in  Fig.  14,  Plate  10,  so 
that  the  water  may  drain  back  to  the  boilers.  This  plan  however 
is  objectionable ;  for  when  one  of  the  boilers  in  a  range  is  laid  off, 
the  connecting  length  becomes  filled  with  water  from  condensation 
of  the  steam,  which,  cooling  by  radiation,  sets  up  a  violent  conflict 
with  the  steam,  whereby  the  pipes  are  sometimes  fractui'ed.  The 
action  may  be  illustrated  by  the  commotion  which  occurs  within  a 
locomotive  tender  when  the  steam  from  the  boiler  is  turned  into  it, 
Fm'ther  than  this,  on  opening  the  steam  stop-valve  of  a  boiler  that 
has  been  laid  off,  the  water  lying  on  the  top  of  the  valve,  as  in  Fig.  14, 
is  apt  to  be  carried  forward  by  the  rush  of  steam,  like  a  water 
hammer  and  sometimes  to  burst  the  pipes.  To  prevent  this  the 
steam-pipe  should  drain  towards  the  engine,  and  not  towards  the 
boiler,  its  course  being  intercepted  by  a  separator  fixed  as  near  the 
engine  as  convenient.  The  principle  on  which  these  separators  act 
is  that  of  making  the  steam  take  a  sharp  turn,  so  as  to  shoot  off 
the  water  mixed  with  it  into  a  catch-chamber  prepared  for  the 
purpose.  Many  of  these  separators  are  now  at  work ;  the  principle 
was  advocated  by  Dr.  Haycraft  of  Greenwich,  five-and-twenty 
years  ago. 

Additional  Particulars. 
Weight  and  Cost. — The  weight  of  such  a  boiler  as  has  now  been 
described,  when  7  ft.  diameter,  27  ft.  long,  and  made  of  plates  /g-  in. 
thick,   is    about  12  tons  without  fittings;    with  fittings  15^  tons. 
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The  cost  at  the  present  time,  delivered  on  the  premises  of  the 
purchaser  within  a  few  miles  of  Manchester,  and  including  the 
attachment  of  the  fittings,  is  aljout  £425.  The  plan  of  buying  a 
boiler  at  so  much  per  ton,  and  then  the  fittings  at  so  m.uch 
extra,  is  quite  given  up  in  favour  of  purchasing  the  whole  for 
one  sum. 

Heating  Surface. — Such  a  boiler  has  a  heating  surface  in  the 
external  shell  of  370  sq.  ft. ;  in  the  furnace-tubes,  without  water 
pipes,  450  sq.  ft. ;  in  the  water  pipes  30  sq.  ft.  ;  makmg  a  total 
of  850  sq.  ft.  The  firegrate  has  an  area  of  33  sq.  ft. ;  this  gives  for 
every  square  foot  of  firegrate  26  sq.  ft.  of   heating   surface. 

In  feed-water  heaters  the  surface  varies ;  sixty  pipes,  each 
affording  a  heating  sui-face  of  about  10  sq.  ft.,  are  now  frequently 
introduced  per  boiler,  making  a  total  heating  surface  of  600  sq.  ft., 
or  about  three  fourths  of  that  in  the  boiler. 

Working  Besults. — ^From  15  to  20  tons  of  coal  in  a  week  of 
60  working  hours,  or  from  17  lb.  to  23  lb.  per  sq.  ft.  of  firegrate 
per  hour  may  be  burnt  in  such  a  boiler  without  distressing  it. 
This  may  be  done  without  making  smoke;  all  that  is  needed  is 
to  maintain  a  good  thickness  of  fire,  throw  on  the  coal  little  and  often, 
admit  a  little  air  above  the  bars  for  a  short  time  after  firing,  and 
avoid  the  use  of  the  rake.  The  coal  may  either  be  spread  over  the 
whole  surface  of  the  fire  or  thrown  at  alternate  firings  first  to  one 
side  of  the  furnace  and  then  to  the  other,  on  the  "  side  firing  " 
system  introduced  by  Mr.  C.  Wye  Williams. 

A  Lancashii'e  boiler  experimented  on  at  Wigan,  with  furnaces 
2  ft.  7^  in.  diameter  and  a  firegrate  4  ft.  long,  evaporated  83-54 
cub.  ft.  of  water  per  hour,  from  a  temperature  of  100°  Fahr.,  at  the 
rate  of  1044  lb.  of  water  per  lb.  of  coal,  when  burning  24  lb.  of 
coal  per  sq.  ft.  of  firegrate  per  hour.  With  a  firegrate  6  ft.  long 
it  evaporated  per  hour  98-58  cub.  ft.  of  water  at  the  rate  of  10-37  lb. 
of  water  per  lb.  of  coal,  and  bui'nt  19  lb.  of  coal  per  sq.  ft.  of 
firegrate  per  hour.  These  results  were  obtained  at  atmospheric 
pressure,  -with  the  help  of  a  water  heater,  with  good  round  coal  and 
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■without  making  smoke.  The  boiler  described  in  this  paper,  having 
furnaces  2  ft.  9  in.  diameter,  would  evaporate  a  larger  quantity 
of  water  per  hour.  Such  a  boiler  is  found  in  practice  to  be 
capable,  provided  the  steam  be  applied  to  a  fairly  economical 
engine,  of  developing  200  Ind.  H.  P.,  and  20  Ind.  H.  P.  per 
lineal  foot  of  boiler  frontage,  side  flues  included.  A  Cornish  boiler 
under  similar  conditions  is  capable  of  developing  16  Ind.  H.  P. 
per  lineal  foot  of  boiler  frontage.  This  leads  up  to  the  important 
question  of  the  utilization  of  the  steam,  which  the  late  Mr.  Robert 
Stephenson  defined  as  its  "  administration,"  and  fuller  information 
is  yet  needed  as  to  the  comparative  advantage  of  working  steam 
on  the  compound  or  single-cylinder  principle ;  also  as  to  the  value 
of  steam-jackets,  as  well  as  with  regard  to  the  initial  and  terminal 
pressures  most  conducive  to  economy.  These  enquiries,  though 
full  of  interest,  cannot  be  entered  upon  in  the  present  paper ; 
but  one  of  the  essentials  to  economy  is  the  power  of  raising  high- 
pressure  steam  steadily  and  safely,  and  this  may  be  accomplished  by 
the  use  of  the  Lancashire  boiler. 

At  least  300  or  400  boilers  have  been  made,  of  similar 
constraction  and  equipment  to  that  described  in  this  paper;  and 
among  others  it  may  be  mentioned  that  a  series  of  four  such 
boilers  can  be  seen  at  the  Houses  of  Pai'liament,  employed  for 
heating  and  ventilating,  which  were  laid  down  in  the  year  1869  by 
Mr.  Joseph  Clayton  of  Preston,  who  was  one  of  the  first  to  assist 
in  carrying  out  the  views  of  the  writer  in  getting  up  a  first-class 
boiler  equipment  for  the  service  of  the  members  of  the  Manchester 
Steam  Users'  Association. 


The  President  remarked  that  this  was  a  valuable  paper  by  a 
very  experienced  writer ;  probably  many  of  the  conclusions  and 
recommendations  were  debateable,  and  he  hoped  the  members  would 
make  known  their  views  and  experience  on  the  subject. 

R 
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Mr.  FLETCnER  exhibited  a  series  of  specimens  of  fractured  plates 
and  mouthpieces  from  the  experimental  boiler  which  had  been 
tested  by  hydraulic  bui'sting  pressure  as  described  in  the  paper. 
One  specimen  showed  a  double  machine-riveted  longitudinal  seam, 
which  had  given  way  at  310  lb.  pressure  per  sq.  in.,  the  rent 
extending  longitudinally  along  the  entire  3  ft.  length  of  the  seam 
and  nearly  1  ft.  beyond  into  the  next  plates  at  the  ends  of  the  seam. 
In  another  specimen  a  double  hand-riveted  longitudinal  seam  of 
3  ft.  length  had  been  burst  in  the  same  way  along  the  seam  by  300  lb. 
pressure,  the  rent  extending  more  than  2  ft.  into  the  next  plate  at 
one  end  of  the  seam.  In  a  third  specimen  a  single  machine-riveted 
longitudinal  seam  of  the  same  length  had  been  similarly  burst  along 
the  seam  by  275  lb.  pressure,  but  the  rent  had  been  stopped  at  the 
next  plate  at  each  end  of  the  seam.  Another  specimen  was  a 
cast-iron  manhole  mouthpiece  17  in.  diameter  inside  and  1  in.  thick, 
which  had  been  burst  by  200  lb.  pressure ;  the  upper  portion  had 
been  blown  entirely  off,  the  fractui'e  running  round  the  cylindrical 
part  of  the  casting.  A  cast-iron  base  of  5  in.  diameter  inside 
and  1  in.  thickness,  for  a  blow-off  tap,  had  been  burst  in  the  same 
manner  by  295  lb.  pressure ;  and  a  cast-iron  base  for  a  6  in.  steam 
junction  valve,  with  |  in.  thickness  of  metal,  had  given  way 
at  275  lb.  pressui'e,  a  piece  having  been  blown  out  at  one  side.  A 
specimen  of  an  oval  unguarded  manhole,  with  17  in.  X  13  in.  aperture, 
had  failed  at  200  lb.  pressure  by  the  fracture  of  the  plate  at  one  end 
of  the  hole,  in  consequence  of  the  cover  being  forced  outwards  by 
the  pressure.  A  specimen  of  a  wrought-iron  manhole  mouthpiece, 
with  17  in.  x  13.  in.  aperture,  such  as  was  recommended  in  the  paper 
in  preference  to  cast-iron  mouthpieces,  had  sustained  310  lb.  pressui'e 
without  showing  any  signs  of  yielding. 

He  mentioned  that  the  paper  had  originally  been  put  together  in 
anticipation  of  the  last  summer  meeting  of  the  Institution  in 
^Manchester,  as  he  thought  it  might  be  interesting  to  the  members  to 
see  the  description  of  boiler  that  was  being  very  frequently  made  in 
that  locality.  lie  wished  to  repeat,  as  stated  in  the  paper,  that  this 
boiler  was  not  put  fortli  as  a  work  of  originality ;  it  was  one  of 
selection,  adaptation,  and  combination.     A  great  many  hands  and  a 
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great  many  different  minds  had  been  at  work  upon  perfecting  the 
boiler,  and  to  these  he  had  attempted  as  far  as  he  could  in  the  paper 
to  do  justice  by  mentioning  their  names  ;  and  if  there  had  been  any 
omission  it  had  been  unwittingly  made. 

The  T  hoop,  the  use  of  which  for  the  transverse  seams  of 
furnace  tubes  was  so  familiar,  had  been  mentioned  in  Sir  Wm. 
Faii'bau'n's  report  of  his  researches  on  the  collapsing  power  of  flues, 
and  had  been  very  early  adopted,  if  not  introduced,  by  Messrs.  Hick 
of  Bolton ;  and  the  welding  at  the  longitudinal  joint  of  the  furnace 
tube  had  also  been  adopted  by  them  along  with  the  T  seam.  Another 
hoop,  of  bridge-rail  section,  for  strengthening  the  flues,  had  been 
introduced  by  Messrs.  Hill  of  Heywood ;  it  was  well  squared  up  in 
the  corners,  and  was  similar  in  section  to  Brunei's  old  longitudinal 
bridge  rail. 

The  raised  wrought-iron  manhole  mouthpiece,  shown  by  the 
specimen  exhibited,  had  been  adopted  very  early  by  Mr.  Adamson, 
before  it  was  generally  used,  and  now  it  was  proved  to  be  a  very 
important  essential  to  the  safety  of  the  boiler. 

The  perforated  anti-priming  pipe,  showii  in  the  drawing  in  lieu 
of  a  steam  dome,  was  due  he  believed  to  Messrs.  Hawthoi-n  of 
Newcastle-on-Tyne,  who  introduced  it  into  their  locomotives ;  but 
in  stationary  boilers  it  had  been  adopted  years  ago  by  Messrs.  Hick 
of  Bolton,  and  used  very  extensively. 

The  construction  of  the  Lancashire  boiler  was  so  very  simple 
that  it  might  hardly  occur  at  first  sight  that  it  could  develop  in 
working  anything  at  all  complicated  or  of  much  interest ;  but  it 
was  found  in  woi'king  that  there  were  many  minute  points  of  detail 
which  had  an  important  influence  on  the  beai'ing  of  the  whole,  and 
which  were  worthy  of  attention.  In  illustration  of  this  it  might 
be  mentioned  that  if  a  boiler  of  this  description,  strengthened 
with  flanged  joints  at  each  of  the  ring  seams  of  the  furnace  tubes, 
were  pressed  with  a  heavy  fire,  it  would  be  found  sometimes  to  give 
way  at  a  part  where  this  would  hardly  be  expected,  namely  at  the 
bottom  of  the  furnace  tubes ;  and  the  straining  and  leakage  would 
be  more  severe  in  proportion  as  the  end  plates  of  the  boiler  were 
move  rigid,  and  as  the  longitudinal  stays  were  more  tight  and  were 
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brought  dowu  nearer  to  the  ring  angle-ii'ons  attacliing  the  furnace 
tubes  to  the  end  plates.  The  reason  was  that  the  application  of  the 
fire  to  the  upper  side  of  the  furnace  tube  elongated  the  upper 
surface,  and  caused  the  whole  tube  to  arch  upwards ;  in  arching 
upwards  it  hinged  upon  the  flanged  joints,  and  tended  to  open  them 
at  the  catdking.  These  joints  were  generally  caulked  only  on  the 
fire  side,  and  any  hinge  action  taking  place  there  tended  to  open 
them  just  at  the  line  of  caulking :  this  showed  the  importance  of 
caulking  the  joints  on  the  water  side  as  well  as  on  the  fire  side,  as 
was  sometimes  done.  If  the  ends  of  the  boiler  were  very  I'igid, 
the  hosTffino:  of  the  tube  was  arreater.  If  the  ends  were  elastic,  the 
elongation  on  the  top  of  the  tube  righted  itself  somewhat  by  thrusting 
out  the  ends,  and  the  effect  was  then  divided  between  the  end  plates 
and  the  tube  itself ;  but  if  the  ends  were  rigid,  the  whole  of  the 
elongation  was  absorbed  by  the  hogging  up  of  the  tube ;  therefore 
the  greater  the  rigidity  of  the  ends,  the  greater  was  the  stress  on  the 
fm-nace  tube,  and  the  greater  the  risk  of  leakage.  Not  long  since 
a  case  had  been  reported  to  him  in  which  the  fuiniace  tubes  had 
leaked  repeatedly  at  the  bottom  in  a  boiler  of  that  class ;  the  seams 
were  caulked  and  re-caulked  without  success,  until  at  length  the 
nuts  at  the  ends  of  the  longitudinal  stays  were  let  out;  the  stays 
were  thus  partially  released,»and  the  leakage  was  cured,  and  it  had 
not  occurred  again.  When  the  stays  were  brought  immediately 
over  the  line  of  motion  or  centre  line  of  the  tube,  and  close  to  the 
angle  iron  uniting  the  tube  to  the  end,  then  straining  would 
frequently  occur  at  the  flanged  joints. 

Another  illusti'ation  of  the  importance  of  detail  bore  on  the 
recommendation  made  in  the  paper  that  the  safety  valves  and  other 
fittings  shoidd  not  be  all  grouped  together  upon  a  single  mouthpiece, 
but  that  each  should  be  fixed  dii-ect  to  the  shell  independently  of 
the  rest.  In  an  explosion  which  took  place  at  St.  Helen's  on 
18th  Feb.  1872,  by  which  four  persons  wei'e  killed,  there  was  a 
range  of  five  boilers  set  in  a  row,  each  having  the  safety  valves 
grouped  round  the  steam  junction  valve.  The  boiler  maker, 
whilst  at  work  in  repairing  No.  3  boiler,  put  in  a  plug  into 
the  steam  junction  valve;  that  plug  was  omitted  to  be  taken  out 


May. 


LANCASHIRE    BOILER.  85 


again,  and  tlierefore  it  would  be  seen  it  cut  off  the  communication 
of  that  boiler  with  the  safety  valves.  When  the  fire  was  lighted 
under  the  boiler,  the  pressure  of  steam  went  on  accumulating  to  a 
very  considei'able  extent,  perhaps  100  or  200  lbs.  The  result  was 
that  the  boiler  burst,  and  the  explosion  was  so  severe  that  it  injured 
the  adjacent  boiler  on  the  right  hand  and  also  the  one  on  the  left ; 
all  three  went  off  simultaneously,  or  at  all  events  one  directly  after 
the  other.  The  fifth  boiler — the  outer  one  on  the  right-hand  side — 
was  also  so  severely  damaged  that  it  would  have  given  rise  to  an 
explosion,  had  there  been  any  steam  in  it  at  the  time.  It  would  be 
seen  that  when  a  plug  was  put  into  the  steam  junction  valve  in  an 
arrangement  of  that  sort,  where  there  was  a  series  of  boilers 
connected  to  the  same  main  steam  pipe,  the  safety  valve  of  the 
plugged  boiler  might  be  lifted  and  it  would  blow;  it  appeared 
outside  that  all  was  right,  but  the  valve  was  really  blowing  with 
borrowed  steam  from  the  other  boilers.  Thus  there  might  be  a 
steam  pressure  of  200  or  300  lb.  in  a  boiler,  and  yet  on  opening  the 
safety  valve  it  would  blow  out  as  from  a  boiler  with  only  30  or  40  lb. 
pressure,  and  appear  to  be  all  right.  Of  course  it  Avould  be  said 
that  no  one  had  a  right  to  plug  a  junction  valve,  or  that,  if  a  plug 
were  put  in,  it  should  be  taken  out  again ;  but  it  was  not  wise  to 
make  an  arrangement  which  could  be  thrown  into  such  a  dangerous 
state  by  the  omission  of  an  attendant.  It  was  however  in  many 
instances  quite  excusable  to  put  plugs  into  junction  valves ;  in  many 
instances  it  was  unavoidable.  Suppose  a  man  working  inside  a 
boiler;  junction  valves  were  seldom  tight,  and  the  leakage  of 
steam  through  them  into  a  boiler  standing  idle  rendered  the 
atmosphere  so  oppressive,  moist,  and  hot,  that  the  man  could  not 
bear  it.  If  he  walked  underneath  the  junction  valve,  the  hot  water 
from  condensation  of  steam  in  the  pipe  dropped  upon  him.  It  was 
quite  excusable  to  plug  junction  valves  under  such  circumstances. 
In  testing  boilers  by  hydraulic  pressure,  if  one  of  a  range  was 
being  tested,  it  was  necessary  to  put  in  a  plug ;  junction  valves 
wei'e  not  generally  made  for  resisting  an  upward  pressure  but  for 
resisting  a  downward  pressure;  as  soon  as  hydraulic  pressure  was 
applied  for  testing  the  boiler,  the  water  would  lift  the  junction  valve 
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slightly,  and  ooze  through,  when  a  violent,  local,  rapid  condensation 
would  take  place,  a  great  commotion  inside  the  steam  pipe  ensue, 
and  a  fracture  of  the  pipe  frequently  occur.  The  ruptui*e  of  a  steam 
pipe  connected  with  a  range  of  boilers  was  eminently  dangerous, 
so  that  to  put  a  plug  in  at  the  bottom  of  the  junction  valve  was  very 
often  a  necessity.  Under  these  cu'cumstances  it  was  most  important 
that  the  safety  valves  should  have  a  distinct  outlet,  entirely 
independent  of  the  junction  valve. 

A  boiler  explosion  had  occurred  at  BUston  on  8th  March  1876, 
killing  four  persons,  from  a  somewhat  similar  caiise.  The  boiler  he 
understood  had  been  found  to  prime,  and  therefore  a  dash  plate 
had  been  put  under  the  junction  valve,  to  keep  the  water  down ;  but 
the  rush  of  steam  playing  on  the  dash  plate,  which  was  slightly 
elastic,  drew  it  up,  and  thus  contracted  the  outlet  to  the  junction 
valve.  As  soon  as  a  little  contraction  took  place,  the  pressure  in 
the  boiler  increased,  and  the  suction  into  the  pipe  increased,  until 
the  dash  plate  soon  closed  up  the  opening  altogether,  or  sufficiently 
so  to  lead  to  the  accumulation  of  a  gi'eater  pressure  within  the 
boder  than  it  could  stand,  and  the  result  was  a  fearful  esplosion. 
Had  the  safety  valves  been  directly  on  the  boiler  with  distinct 
outlets,  no  explosion  would  have  occurred.  He  mentioned  these  cases, 
in  which  several  lives  had  been  lost,  because  the  recommendation 
that  a  safety  valve  should  have  its  own  direct  outlet  seemed  so 
simple  as  scarcely  to  be  worth  making. 

Another  explosion  that  had  taken  place  at  Barrow  on  1st  Dec. 
1875,  killing  the  engineman,  had  occui'red  in  consequence  of  the 
arrangement  of  steam  pipe  represented  in  Fig.  14,  Plate  10.  It 
would  be  seen  that  the  branch  steam  pipe  from  the  boiler  was 
below  the  main  steam  pipe,  the  object  being  that  if"  any  water 
got  into  the  main  steam  pipe  it  might  run  back  into  the  boiler; 
and  that  was  rather  a  popular  view.  But  when  one  boiler  in 
a  range  was  laid  off  while  the  others  were  at  work  the  branch 
steam  pipe  got  quite  full  of  water.  This  occurred  in  the  present 
case,  and  on  subsequently  starting  the  boiler  to  work  again,  the 
engineman  on  unscrewing  the  junction  valve  heard  a  great  noise 
inside  the   pipt',   from  the  steam  forcing  its  way  in  through  the 
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water.  Hearing  the  noise,  he  instantly  shut  it.  The  steam 
had  driven  the  water  a  little  way  off ;  as  soon  however  as  he 
shut  the  valve,  the  steam  condensed  and  there  was  a  collapse ;  the 
water  rushed  back  like  a  water  hammer  against  the  junction  valve, 
and  bi'oke  the  casing  in  pieces,  as  represented  enlarged  in  Fig.  15, 
which  showed  the  lines  of  fracture.  The  water-hammer  action  in 
these  pipes  was  not  so  singular  as  might  bo  supposed ;  he  had  known 
several  cases  of  fatal  injury  fi'om  the  action  of  the  water-hammer, 
and  the  branch  steam  pipes  should  never  be  made  in  that  way. 
Of  course  the  water  accumulating  in  the  branch  steam  pipe  under 
such  circumstances  could  be  taken  oif  by  the  addition  of  a  waste 
pipe  for  that  purpose,  and  there  had  been  a  waste  pipe  in  the  instance 
.of  the  explosion  just  mentioned;  but  the  waste  pipe  was  neglected. 
The  aiTangements  should  be  radically  right,  and  not  dependent 
upon  any  little  additions  of  that  sort. 

The  fractured  specimens  exhibited  from  the  experimental  boiler 
had  afforded  some  valuable  information  in  regard  to  boiler 
construction,  and  had  shown  him  one  point  he  had  hardly  been 
aware  of,  that  even  a  small  strong  cast-iron  fitting  block  would  be  a 
weak  point  in  a  boiler ;  and  it  seemed  clear  that  with  the  present 
high-pressure  boilers  cast-iron  blocks  must  be  got  rid  of,  and  the 
fitting  blocks  must  be  carried  right  through  in  wi'ought-iron.  In 
regard  to  the  specimens  of  plates  which  had  given  way  along  the 
lines  of  rivets,  he  had  just  had  the  breaking  strain  of  the  metal  left 
between  the  rivet  holes  worked  out  per  square  inch,  and  he  found 
that  it  was  19 "9  tons;  that  is,  taking  the  line  of  rupture  between  the 
rivet  holes,  which  were  punched,  the  value  of  the  metal  was  there 
veiy  nearly  20  tons  per  sq.  in.  He  was  having  a  fui'ther  set  of  tests 
made  of  the  plates  from  this  experimental  boiler,  with  the  direct  pull 
of  the  testing  machine,  in  order  to  compare  the  two.  The  plates 
of  which  the  boiler  was  made  were  from  the  Snedshill  works, 
Shropshire,  and  were  ductile  rather  than  highly  tenacious  plat&s, 
and  he  did  not  thiBk  they  would  be  found  to  carry  much  more  than 
20  tons  per  sq.  in.  If  that  proved  to  be  the  case,  it  would  show 
that  with  a  boiler  well  made  almost  the  full  power  of  the  plates 
was  obtained  at  the  riveted  joints. 
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;Mi'.  E.  a.  Cowper  thought  their  thanks  were  clue  to  the  author 
for  his  elaborate  description  of  a  good  ordinary  double-fiued  Cornish 
boiler — or  Lancashire  boiler,  if  it  were  preferred  to  call  it  so.  He 
thought,  generally  speaking,  the  fittings  described  as  being  put  upon 
the  boiler  were  such  as  commended  themselves  to  common  sense,  and 
were  those  commonly  used  by  the  best  boiler  makers.  He  had  seen 
boilers  much  worse  equipped  than  this  ;  but  a  boiler  made  by  a  good 
maker  would  be  found,  he  thought,  to  be  furnished  with  pretty 
much  the  fittings  that  had  now  been  described.  There  were  one  or 
two  matters  in  which  he  did  not  quite  agi'ee  with  the  winter ;  one 
was  that  the  gauge  cocks  were  entirely  left  out,  which  he  did  not 
approve.  Whether  there  were  one  or  two  glass  gauges,  he  thought 
three  gauge  cocks  were  useful,  and  indeed  essential,  for  every  boiler. 
Glass  gauges  might  be  broken  if  the  glass  was  not  very  good  and 
not  very  well  annealed ;  it  was  a  very  common  thing  for  them  to  get 
broken  by  accident,  and  then  there  was  nothing  left  to  show  the 
water  level  unless  gauge  cocks  were  provided.  There  was  one  little 
improvement  upon  the  gauge  cock  which  he  did  not  find  mentioned, 
and  he  referred  to  it  because  it  was  rather  curious.  If  a  short  piece 
of  pipe  were  put  on  to  the  end  of  the  gauge  cock  and  a  small  hole 
made  in  the  end  of  it,  it  could  always  be  ascertained  at  night  without 
a  light  whether  the  cock  was  blowing  water  or  steam,  simply  by  the 
noise  :  if  it  was  blowing  water,  it  continued  to  blow  some  time  after 
shutting  the  cock ;  but  if  it  was  blowing  steam,  the  noise  ceased 
instantly  on  closing  the  cock. 

No  vacuum  valve  had  been  mentioned  in  connection  with  the 
boiler  described ;  and  he  considered  that  was  an  extremely  useful 
thing  for  preventing  the  boiler  from  filling  with  water  when  the 
steam  ran  down.  If  the  boiler  got  cold  and  the  steam  condensed,  it 
would  fill  with  water  unless  a  vacuum  valve  were  provided. 

The  steam  dome  he  thought  ought  not  to  be  done  away  with,  liut 
the  boiler  shell  ought  to  be  strengthened  at  that  part  It  was 
said  by  the  author  that  the  boiler  must  be  necessarily  weakened 
by  putting  the  dome  on.  That  he  entirely  dissented  from ; 
the  drawing  he  exhibited  (Figs.  IG  and  17,  Plate  10,)  showed 
the  way  in  which  the  strength  of  the  boiler  might  be  kept  up  at 
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tlie  steam  dome.  He  never  cut  away  tlie  body  of  the  boiler  at  all, 
but  simply  perforated  it  with  a  number  of  small  holes  to  let  the 
steam  pass ;  as  the  arc  of  the  shell  at  the  base  of  the  dome  was 
then  in  balance,  having  equal  steam  pressure  on  both  sides,  and 
consequently  no  longer  gave  any  strength  to  the  boiler  in  a 
circumferential  direction,  though  it  did  in  a  longitudinal  direction, 
his  practice  was  to  fix  a  straight  horizontal  stay  plate  across 
underneath  the  base  of  the  dome,  as  a  tie  from  side  to  side  of  the 
shell,  so  as  to  make  up  the  full  strength  of  the  shell  at  that  part, 
this  plate  also  being  perforated  for  the  passage  of  the  steam. 

Mr.  D.  Adamson  thought  that  the  illustrations  exhibited  of  burst 
boiler  shells  showed  the  necessity  for  founding  the  tests  on  the 
simple  fundamental  law  that  the  tensile  strength  of  a  piece  of  iron 
was  in  proportion  to  its  sectional  area,  and  that  the  shearing 
strength  of  a  rivet  was  also  in  proportion  to  the  sectional  area  of 
the  metal.  In  these  burst  specimens  it  was  seen  that  in  every  case 
without  exception  the  fracture  had  occurred  through  the  line  of 
rivets.  He  submitted  therefore  that  these  tests  had  been  founded 
on  a  proportion  between  the  sectional  area  of  the  plate  and  the 
sectional  area  of  the  rivet  that  was  not  well  considered.  Not  only 
so,  but  before  any  accurate  system  of  proportion  could  be  hit  upon, 
it  must  be  pi-eceded  by  an  accurate  system  of  tests,  those  tests  to 
consist  first  in  the  quality  of  the  rivet  iron.  Having  ascertained 
the  shearing  strength  of  the  metal  to  be  used  for  the  rivets,  and 
also  the  tensile  strength  of  the  plates — if  it  were  found,  as  he  had 
no  doubt  would  generally  be  the  case,  that  there  was  on  an  average 
5  tons  per  sq.  in.  in  favour  of  the  rivet, — under  those  circumstances 
it  would  be  manifest  that,  to  apiDortion  a  boiler-plate  joint  to  get 
the  maximum  endurance  of  the  plate,  the  sectional  area  of  the  rivet 
must  not  be  equal  to  that  of  the  plate  left  between  the  rivet  holes, 
but  it  must  be  proportionately  smaller,  in  order  to  arrive  at  a 
perfect  equality  between  the  shearing  strength  of  the  rivet  and  the 
tensile  strength  of  the  plate.  He  thought  there  was  also  something 
more  than  that,  and  he  had  often  had  it  brought  before  him  in  this 
way :  a  manufacturer,  and  even  an  engineer,  would  say  that  a  boiler 
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sbould  bo  constructed  ^ith  a  particular  diameter  of  rivet — perhaps 
the  same  as  in  the  specimens  exhibited,  f  in.  Now  in  his  experience 
as  a  manufacturer  he  had  found  there  was  no  keeping  the  hole 
exactly  to  suit  the  rivet,  and  that  system  of  specifying  that  the 
boiler  should  be  made  with  a  certain  diameter  of  rivet  was  a  great 
mistake,  and  was  certainly  never  carried  out  in  accordance  with  the 
true  proportions  of  the  plate  and  the  rivet  itself.  The  natural,  in 
fact  the  universal,  tendency  was  that  the  punching  of  the  plate  was 
left  in  a  great  measure  in  the  hands  of  the  operative  puncher  or 
foreman,  who  said  he  could  get  the  |  in.  rivet  into  a  |  in.  hole. 
The  disproportion  then  between  the  sectional  area  of  the  rivet  and 
of  the  resultant  metal  became  evidently  very  great :  so  great  that  it 
was  manifest  ia  the  bursting  of  the  joints  in  the  specimens 
exhibited  they  gave  no  true  test  of  the  strength  of  a  boiler  joint.  In 
experiments  such  as  these,  conducted  by  means  of  public  funds,  he 
thought  the  funds  ought  to  be  well  spent,  and  that  the  results 
of  the  testing  should  be  of  the  most  demonstrative  character,  to  prove 
the  best  possible  results  that  could  be  secured  by  the  construction  of 
a  sound  and  well-made  boiler  of  accurate  proportions,  which  he 
had  no  hesitation  in  saying  was  not  the  case  with  the  specimens 
exhibited. 

For  testing  the  strength  of  riveted  joints  it  had  constantly  been 
the  practice  to  make  the  trials  by  using  small  pieces  of  plate  joined 
together  by  thi-ee  or  four  rivets  only.  It  was  hardly  to  be  expected 
however  that  three  or  four  rivets  joining  a  piece  of  plate  for 
experimental  purposes  would  prove  to  be  very  irregular ;  but  in  the 
case  of  a  whole  structure,  where  the  punching  of  the  rivet  holes  was 
left  entirely  to  the  workman,  who  was  sometimes  very  careless,  it 
was  liable  to  be  done  in  a  rude  way  or  to  the  best  of  only  a  poor 
judgment. 

In  the  paper  there  were  also  some  statements  as  to  the  tests  of 
punched  holes  and  drilled  holes,  showmg  something  like  5  per  cent, 
in  favom*  of  the  drilled  holes.  But  it  could  not  be  imagined 
that  in  an  entire  boiler  more  than  5  per  cent,  of  the  rivets 
put  into  punched  holes  were  perfectly  dead  true,  perfectly  at 
right  angles  with  the  plates.     Usually  the  rivets  were  either  at 
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an  obtuse  angle  or  at  an  acute  angle ;  and  as  soon  as  a  strain 
came  on  such  a  structure  it  must  be  manifest  that  those  rivets 
which  were  at  an  obtuse  angle  with  the  plate  would  come  into 
operation  first  to  take  the  strain,  then  those  that  were  truly  at  right 
angles,  and  lastly,  if  there  was  anything  then  left  to  do,  those  that 
were  at  an  acute  angle.  The  rivets  at  an  acute  angle  indeed  could 
hardly  be  considered  to  contribute  anything  to  the  strength  of  the 
structure,  because  their  angle  of  attachment  was  such  as  not  to 
admit  of  it ;  when  pulled  into  the  right-angled  position  they  would 
be  slack,  and  they  would  have  to  be  pulled  to  an  obtuse  angle  before 
they  could  be  equally  tight  with  the  rest  of  the  rivets.  Instead 
therefore  of  tearing  such  a  joint  asunder  at  its  maximum  power  of 
endurance,  it  was  simply  torn  asunder  piecemeal,  one  part  after 
another ;  the  obtuse-angled  rivets  held  first,  the  truly  inght-angled 
ones  next,  and  certainly  the  acute-angled  the  last. 

It  had  also  been  said,  and  he  thought  with  a  good  deal  of  belief, 
that  a  punched  hole  was  better  than  a  drUled  hole  on  account 
of  being  sUghtly  conical  by  the  action  of  the  punching.  But 
taking  a  rivet  of  say  |  in.  diameter  in  the  middle,  it  would  bear 
a  shearing  strain  corresponding  to  that  area,  and  the  increased 
diameter  at  the  ends  could  not  add  one  fraction  to  the  strength  of 
the  structure ;  but  on  the  other  hand  that  inci'eased  diameter  of  the 
hole  greatly  detracted  from  the  strength  of  the  plate ;  the  strength 
of  the  structure  was  therefore  necessarily  diminished  just  in 
proportion  to  these  two  irregularities. 

The  present  Lancashire  boiler  described  in  the  paper  had  been 
stated  by  the  author  to  have  been  the  work  of  many  minds ;  in  that 
view  he  quite  concurred,  and  also  Ln  giving  all  credit  to  Sir  Wm. 
Fairbaii'n  for  the  introduction  of  the  two-flued  system  in  place  of 
the  single  flue  that  had  been  the  practice  before  his  time.  The 
subject  of  the  paper  being  somewhat  of  a  historical  character,  he 
might  allude  to  the  fact  of  the  flanged  seam  for  the  internal  flues 
having  been  introduced  by  himself  in  1851 ;  and  it  was  now  mostly 
used  by  all  the  best  boiler  makers.  About  that  time  also,  as  far  as 
he  himself  was  concei'ned,  a  radial  junction  pipe  had  been  used  for 
coupling  the  steam  nozzle  on  the  boiler  to  the  main  line  of  steam 
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pipe.  Gusset  stays  had  been  introduced  by  Sir  Wm.  Fairbaim  at 
the  same  time  as  the  two-flued  boiler,  he  believed ;  at  any  rate  they 
had  been  used  by  himself  in  1852.  He  had  only  last  month 
removed  a  boiler  constructed  upon  this  type,  which  had  been  in  use 
since  ISoo  at  the  works  of  Messrs.  Thos.  and  R.  Eccles,  Lower 
Darwen,  having  flanged  seams  and  gusset  stays  and  two  longitudinal 
stays ;  so  that  in  these  respects  the  construction  described  in  the 
paper  was  one  that  had  been  a  very  long  time  in  use.  As  early  as 
1856  he  had  constructed  boilers  of  that  type  for  Messrs.  Hopwood  and 
Sons,  Blackburn,  to  work  at  100  lb.  pressure,  and  as  far  as  he  knew 
they  had  them  still.*  He  wanted  to  make  a  little  historical  statement, 
which  he  thought  it  was  desirable  should  be  properly  understood. 
He  did  not  wish  to  detract  one  fraction  from  the  greatness  of  Sir 
Wm.  Fairbairn,  or  from  the  grand  qualities  he  possessed  to  pursue 
everything  to  a  demonsti-ative  conclusion;  he  believed  he  was 
speaking  the  sentiments  of  everyone  in  giving  him  credit  for  being 
the  father  of  demonstrative  evidence,  taking  nothing  for  gi'anted 
about  the  iron  structures  of  the  country.  In  1857  however,  when 
the  investigation  of  the  strength  of  flues  was  entered  into,  the 
flanged  seams  had  already  been  working  under  his  (Mr.  Adamson's) 
own  control  for  six  years ;  at  that  time  he  had  constructed  193  boilers 
with  sectional  lengths  of  flues,  upon  the  principle  that  the  strength 
was  approximately  inversely  as  the  length.  The  length  of  each 
section  of  the  flue  between  the  flanged  seams  was  so  proportioned, 
that  in  case  of  a  flue  accidentally  getting  hot  and  sinking  down,  the 
sectional  area  of  the  plate  and  the  strength  of  the  flanged  seam 
should  be  sufficiently  large  to  resist  any  fui'ther  collapse,  whatever 
was  the  .shape  the  plate  might  be  in ;  and  probably  the  water  would  be 
able  to  rush  over  the  sunk  place,  and  prevent  it  from  being  weakened 
by  further  overheating.  He  had  had  several  cases  of  that  sort,  with 
test  tubes  that  had  been  made  by  himself  at  his  own  cost,  and  tested 
at  Longsight  by  Mr.  Longridge,  by  whom  they  were  ultimately 
submitted  to  Sir  Wm.  Fairbairn;  one  of  these  tubes  containing 
three  flanged  seams  was  still  preserved  at  his  works,  showing  how 
it  liad  been  indented  by  the  pressui'e  without  an  entii'e  collapse. 
*  It  has  bceu  .-xscertaincd  that  those  boilers  lu-e  now  working. 
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The  principle  that  he  had  calculated  the  proportions  on  was  that 
the  sectional  area  at  the  root  of  the  flanged  seam  should  be  equal 
to  any  strain  that  could  be  put  upon  it;  after  a  partial  collapse 
the  strain  upon  the  flanged  seam  became  one  of  tension  instead 
of  compression,  and  on  a  second  testing  the  tube  had  resisted 
even  a  greater  pressure  than  in  the  first  case,  without  tearing 
through  the  metal  at  the  root  of  the  flange.  So  that  he  had 
reason  to  conclude  that  a  flue  wisely  constructed  with  flanged  seams 
not  too  far  apart,  dependent  upon  the  pressure  to  be  used,  would 
protect  itself  against  failure  even  under  the  most  calamitous 
condition  of  getting  overheated  through  want  of  water.  He  had 
tried  to  be  just,  and  to  give  an  exact  and  accurate  record  of  the  part 
he  had  taken  in  the  matter,  and  to  show  that  the  investigation 
was  not  an  original  one  when  it  was  put  forward  by  Sir  Wm. 
Fairbaiim.  He  regretted  only  one  point — that  his  own  investigation 
had  not  been  acknowledged  by  him,  and  had  not  even  been  referred 
to,  except  by  calling  the  flanged  seam  a  rigid  joint.  He  thought  it 
was  hardly  a  fair  description  to  call  it  a  rigid  joint ;  it  was  a  great 
deal  more,  because  as  the  water  was  on  both  sides  of  the  flange,  the 
rivets  were  protected  in  the  water,  and  it  was  thus  a  seam  that  could 
bear  a  great  deal  more  intense  fire  than  any  joint  that  had  been 
introduced  into  boiler  manufacture  before  or  since. 

In  reference  to  the  testing  of  boilers,  and  also  to  the  necessity 
to  some  extent  of  staying  them,  and  to  the  uniform  development  of 
security,  it  had  been  stated  in  the  paper  that  it  was  not  necessary 
to  make  the  transverse  seams  any  stronger  than  what  could  be 
secured  by  single-riveting ;  and  in  a  former  report  by  the  writer 
it  had  been  ui'ged  that  the  bursting  of  a  new  Lancashii-e  boiler  by 
frost  proved  that  the  transverse  seams  did  not  suffer  in  a  boiler 
of  that  class,  the  longitudinal  seam  having  been  burst  by  the 
expansion  of  the  water  in  freezing.  This  so  far  proved  the  statement 
made,  but  there  was  this  difference  that  a  boiler  did  not  work  with 
freezing  water ;  it  worked  with  the  steam  up,  which  had  a  tendency 
to  produce  a  great  deal  of  mechanical  action  from  the  unequal 
heating  and  expansion,  and  that  mechanical  action  caused  longitudinal 
strain  on  the  boiler ;  and  there  was  a  greater  strain  from  this  cause 
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on  the  transverse  seams  in  the  Lancashire  boiler  than  in  the  Cornish 
boiler.  He  held  it  therefore  to  be  not  an  unwise  thing  to  protect 
the  structure  by  getting  as  near  a  uniformity  of  strength  in  the 
shell  as  it  was  possible  to  get,  even  at  the  expense  of  chain-riveting 
for  the  transverse  seams. 

It  was  also  stated  that  the  longitudinal  stays  were  not  necessary ; 
but  he  held  that  in  the  case  of  accidental  conditions  arising,  in 
which  the  boiler  might  get  injured,  the  longitudinal  stays  became  a 
great  source  of  security.  He  quite  agreed  in  considering  that  the 
elasticity  of  the  end  plates  was  a  very  important  point ;  at  the  same 
time  he  thought  the  longitudinal  stays  were  of  more  value  than 
might  at  first  sight  appear,  as  their  effect  was  to  give  solidity  and 
strength.  In  a  Lancashii'e  boiler  of  the  dimensions  represented  in 
the  drawings,  about  30  ft.  long,  with  ten  ring  seams,  and  having 
two  longitudinal  stays  of  the  size  there  shown,  which  would  probably 
cany  a  tensile  strain  of  100  tons  each  before  breaking,  it  was  not 
only  that  the  strain  of  200  tons  could  be  taken  off  the  end  plates 
and  shell  plates  by  the  two  stays,  but  there  was  that  amount  of 
relief  at  every  ring  seam.  That  he  thought  was  a  fair  way  to  look 
at  the  question ;  and  it  appeared  to  him  a  wise  precaution  to  keep 
the  longitudinal  stays  in  boilers  of  that  class. 

The  very  serious  explosion  at  Blackburn,  which  had  been  alluded 
to  in  the  paper,  suggested  some  important  subjects  for  examination. 
The  average  tensile  strength  of  the  plates  in  that  boiler  was  given  in 
the  paper  as  20'4  tons  per  sq.  in.  Some  tests  on  that  occasion 
had  been  made  by  himself  for  Mr.  Fletcher,  and  he  wished  to 
call  particular  attention  to  the  results,  to  support  the  position 
that  it  was  far  more  important  to  secui'e  high  elasticity  than  it 
was  to  secure  high  tensile  strength.  Some  of  the  plates  no  doubt 
took  a  strain  as  high  as  26  tons  per  sq.  in.  to  pidl  them  asunder; 
but  these  were  Lowmoor  plates  out  of  the  fire-tube  of  the  boiler. 
Where  the  shell  burst,  the  plates  pulled  asunder  with  about  20  tons 
per  in.  with  the  grain,  and  one  piece  with  punched  holes  as  low 
as  15'92  tons  across  the  fibre.  That  being  the  weak  link  of  the 
chain,  he  held  it  would  be  a  misfortune  to  let  it  be  supposed  that 
that  boiler  had  possessed  anything  like  an  average  endurance  in  its 
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metal  of  20*4  tons  per  sq.  in.,  when  the  strain  to  pull  it  asunder  was 
reduced  in  one  place  to  only  15"92  tons.  The  same  argument 
applied,  whether  the  plates  were  riveted  with  punched  holes  or  with 
drilled  holes.  These  tests  he  thought  established  the  principle 
that  the  plates  ought  to  be  tested  especially  across  the  gi'ain ;  because, 
that  being  the  weakest  direction  and  therefore  the  measure  of  the 
strength  of  the  structure,  the  sectional  area  of  the  metal  between 
the  rivet  holes  ought  to  be  proportioned  to  that  low  strain.  The 
shearing  strength  of  the  rivets,  when  proper  rivet  iron  was  used, 
might  be  taken  according  to  his  experience  at  as  much  as  24  tons 
per  sq.  in.,  and  the  tensile  strength  of  the  plates  across  the  grain  at 
1 7  tons ;  and  taking  that  view  it  was  manifest  that  the  sectional  area 
of  the  plate  left  between  the  rivet  holes  ought  to  bear  to  the  rivets 
the  proportion  of  24  to  1 7 ;  if  it  were  anything  different  from  that, 
the  joint  must  necessarily  be  deficient  of  the  full  strength  attainable. 
Since  1853  he  had  adopted  without  an  exception  the  chain-riveting 
system  for  longitudinal  seams,  and  it  had  now  become  universal. 

For  the  introduction  of  the  wrought-iron  manhole  mouthpiece 
on  stationary  boilers  there  was  but  little  credit  due  to  himself, 
because  locomotive  engineers  had  never  used  anything  else  than  the 
wrought-iron  manhole  for  their  boilers,  so  that  it  must  be  of  old 
date.  When  he  was  entirely  engaged  in  locomotive  engineering,  up 
to  May  1849,  he  had  never  riveted  a  cast-iron  manhole  on  a 
locomotive  boiler  :  the  manholes  were  all  made  of  Yorkshire  angle- 
iron.  It  had  been  satisfactorily  shown  in  the  paper  and  proved  by 
the  author's  experiments  that  most  of  the  cast-iron  mouthpieces  and 
stands  for  fittings  were  the  weakest  points.  In  the  very  large 
number  of  stationary  boilers  made  by  himself  during  the  last 
twenty-five  years  he  had  never  fixed  any  mountings  on  them  except 
in  the  way  shown  in  the  drawings ;  so  that  this  certainly  was  not  a 
very  new  thing.  It  had  been  his  misfortune  at  times  to  have  them 
pulled  asunder  and  broken  like  the  specimens  exhibited,  and 
sometimes  not  in  a  very  desirable  way ;  often  the  fracture  had 
shown  that  the  metal  itself  was  at  fault,  and  if  the  defect  could 
have  been  known  beforehand  it  would  have  been  rejected  as  an 
imperfect  casting,  not  suitable  to  be  put  on  a  high-pressui'e  boiler. 
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The  wrought-iron  mouthpieces  had  formerly  been  adopted  by 
himself  for  80  lb.  pressure  per  sq.  in.  and  upwards,  but  he  now 
adopted  them  from  70  lb.  upwards.  Up  to  65  or  70  lb.  pressure  he 
considered  cast  ii'on  in  most  cases  might  be  fairly  used  for  the 
mouthpieces  as  being  a  creditable  and  comparatively  dependable 
material.  In  his  own  practice  of  late  years,  instead  of  reducing  the 
strength  of  the  boiler  shell  at  the  manhole  mouthpiece,  he  had 
increased  the  sectional  area  of  the  metal  by  a  double  thickness  of 
plate,  riveting  an  additional  plate  inside  the  shell  at  this  point, 
passing  6  or  8  in.  beyond  the  range  of  the  manhole  mouthpiece 
rivets,  taking  care  that  the  strength  of  the  shell  was  not  injured  by 
more  rivets  than  existed  in  a  longitudinal  seam  at  any  one  point. 
The  tests  now  exhibited  not  only  showed  that  the  cast-iron  manhole 
mouthpiece  gave  way,  but  the  shell  plate  itself  on  each  side  of  it  up  to 
the  adjoining  cii'cular  seams,  illustrating  that  additional  metal  at 
this  part  was  necessary,  to  secure  anything  like  uniformity  of 
resistant  power.  He  need  not  say  more  about  this  subject,  because 
the  Lancashire  boiler  was  well  understood,  and  Mr.  Cowper  had 
explained  another  plan  that  he  had  adopted  to  keep  up  the  strength 
of  a  boiler  shell  at  the  junction  of  a  steam  dome. 
•  One  result  of  this  discussion  he  trusted  would  be  that  the  dinll 
would  do  the  work  instead  of  the  punch,  so  as  to  get  an  exact  and 
established  condition,  whereby  the  ultimate  strain  on  the  plate  could 
be  depended  upon  to  a  fraction,  without  its  strength  being  impaired 
by  needlessly  increasing  the  size  o^  the  rivet  hole.  J^ot  only  so, 
but  when  the  structure  was  put  to  woi-k  the  whole  of  the  rivets 
without  an  exception  would  take  their  portions 'of  the  strain  at  the 
first,  and  the  greatest  possible  strength  would  be  obtained  from 
the  structure.  Many  precautions  apparently  had  been  taken  in 
investigating  the  strength  of  the  expeiTmental  boiler  described  in 
the  paper ;  many  points  had  been  brought  prominently  forward 
which  he  could  not  recommend ;  and  he  thought  it  had  been 
somewhat  remiss  that  a  more  accurate  view  had  not  been  taken  of 
the  construction  of  the  riveted  joints,  as  thei'C  had  been  fi-equent 
opportunities  of  seeing  the  system  of  drilling  at  his  own  works; 
and  it  would  have  been  prudent  to  make  a  further  investigation,  to 
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get  the  best  possible  structure  to  test.  He  had  himself  seen 
sufficient  boiler  testing  to  believe  that  the  time  was  not  far  distant 
when  the  whole  boiler  work  of  this  coimtry  would  be  compelled  to 
have  di'illed  rivet  holes. 

JMr.  Benjamin  Walker  mentioned  that  some  six  or  seven  years 
ago,  with  a  view  to  ascertain  the  relative  value  of  drilled  holes  and 
punched  holes  to  ensui'e  the  thorough  union  of  two  wrought-ii'on 
plates  riveted  together,  he  had  adopted  the  simple  experiment  of 
taking  two  strips  of  plate,  some  6  or  10  in.  wide,  and  punching 
a  number  of  holes  in  them  with  the  usual  accuracy,  and  riveting 
them  in  the  usual  way  with  hot  rivets ;  he  then  took  another  similar 
pair  of  plates,  and  had  the  holes  drilled  with  accuracy  and  the 
rivets  put  in  cold.  The  riveted  plates  were  no  heavier  than  a  man 
could  lift  very  well,  and  holding  one  end  he  beat  the  other  end  upon 
the  anvil  until  the  two  strips  were  broken  asunder  along  the  joint ; 
the  punched  joiut  went  to  destruction  very  speedily  in  comparison 
with  the  one  where  the  holes  were  drilled  and  accurately  fitted. 
There  could  be  no  doubt  that  if  the  whole  structure  came  into  strain 
at  the  beginning,  not  one  part  following  another  as  Mr.  Adamson 
had  described,  it  must  be  stronger ;  and  he  considered  it  a  complete 
mistake  to  speak  of  a  punched  hole  being  equal  to  a  drilled  hole. 
Whether  the  users  of  boilers  would  pay  for  the  holes  being  drilled 
and  for  the  work  being  accurately  done  was  another  matter ;  but 
that  the  work  itself  was  better  he  was  quite  su-re.  With  regard  to 
the  rivets  being  taper  in  punched  holes,  in  consequence  of  the  holes 
being  wider  on  one  side  of  the  plate  than  on  the  other,  so  that  the 
rivet  was  smaller  at  the  middle  than  at  the  end,  this  must  evidently 
be  wi'ong,  because  the  plate  was  weakened  without  giving  additional 
strength  to  the  rivet. 

Several  years  ago,  when  he  had  been  advised  to  join  a  boiler 
insui-ance  association  and  to  adopt  a  boiler  of  the  Gralloway  pattern, 
he  had  declined  the  assistance  offered  in  the  way  of  inspection,  but 
took  the  particulars  of  the  boiler  recommended,  and  had  one  made 
exactly  to  the  dimensions  given,  and  at  the  same  time  had  a 
Fairbairn  (or  ordinary  Lancashire)  boiler  made  to  work  alongside  it, 
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having  the  same  heating  surface ;  the  lattei-  boiler  had  six  solid  T  iron 
rings  round  each  flue,  attached  to  the  flue  by  rivets  and  washers  at 
every  8  in.  round  the  circumference.  The  two  boilers  were  worked 
week  and  week  alternately ;  and  he  found  from  this  careful 
experiment  that  the  common  Fairbairn  boiler  would  do  just  as  well 
as  the  other.  The  two  boilers  had  been  at  work  fourteen  years,  and 
he  did  not  think  that  either  of  them  was  practically  any  the  worse 
for  use.  Seeing  that  it  gave  as  much  steam,  he  should  prefer  to 
take  the  common  straight-flued  boiler  without  any  complications, 
as  he  prefen^ed  the  plain  straight  line  for  the  flues.  The  boilers  he 
referred  to  were  made  28  ft.  long,  and  he  agreed  with  the  author 
of  the  paper  on  that  point,  that  28  ft.  was  long  enough  for  a  boiler 
having  two  flues  of  2  ft.  9  in.  diameter ;  if  the  boiler  were  to  have 
smaller  flues  it  should  be  shorter. 

With  regard  to  longitudinal  bolts  through  the  boiler,  for  the  last 
fourteen  or  fifteen  years  he  had  never  made  a  large  boiler  without 
putting  in  two  bolts,  as  he  thought  they  were  a  great  safeguard  for 
holding  the  whole  thing  together.  They  could  not  do  harm,  because 
the  spring  of  the  end  plates  could  still  take  place  between  the  bolts 
and  the  ends  of  the  flues.  They  formed  a  general  stay,  and  prevented 
the  whole  boiler  from  being  strained,  adding  very  much  in  his 
opinion  to  its  durability  and  safety. 

With  regard  to  cast-ii*on  mountings,  he  thought  the  specimens 
exhibited  had  been  burst  because  they  were  made  of  bad  material  or 
badly  put  on ;  he  had  himself  made  large  numbers  of  them,  and  had 
never  known  one  burst.  He  believed  if  the  matter  came  to  be 
investigated  it  would  be  found  in  cases  of  fracture  that  the 
mountings  had  been  badly  put  on.  If  the  cast  iron  was  not  well 
fitted  to  the  wrought  iron,  the  casting  would  be  partly  damaged  in 
the  process  of  fixing,  before  the  pressure  was  on ;  and  it  then 
only  requii'cd  a  few  years'  contraction  and  expansion  for  it  to  come 
to  pieces.  In  the  fractured  specimens  exhibited  he  believed  that  if 
the  castings  had  been  made  of  proper  metal  and  properly  riveted 
to  the  shell,  they  would  not  have  burst,  even  with  50  lb.  higher 
pressure. 
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The  President  enquired  wlietlier  in  the  experiment  mentioned 
with  punched  and  drilled  lioles  any  influence  was  attributed  to  the 
difference  in  the  riveting,  one  being  done  hot  and  the  other  cold ; 
and  also  whether  it  was  the  plates  or  the  rivets  that  failed. 

Mr.  Benjamin  Walker  could  not  say  whether  the  plates  or  the 
rivets  failed ;  he  could  only  say  that  the  two  pieces  which  had  been 
riveted  together  came  asunder,  and  when  they  were  riveted  cold 
with  di'illed  holes  they  were  kept  better  together  than  when  they 
were  riveted  hot  with  punched  holes.  The  punched  holes  had  the 
common  clearance  of  l-16th  inch  to  get  the  rivets  in ;  but  in  the 
drilled  holes  the  rivets  were  got  in  as  large  as  possible. 

]\Ir.  L.  Olrick  observed  that  the  paper  contained  an  accumulation 
of  useful  facts  which  might  even  be  serviceable  to  boiler  makers 
and  engineers ;  but  there  was  also  another  class — the  boiler 
owners — by  whom  he  was  very  desirous  for  the  paper  to  be  read. 
Most  boiler  owners  would  not  believe  in  the  value  of  the  different 
improvements  made  one  after  another,  because  each  was  attended 
with  additional  cost.  Therefore  he  considered  the  author  was 
correct  when  he  said  that,  if  first-class  boilers  were  laid  down  instead 
of  low-priced  ones,  the  scientific  boiler-maker  would  have  fairer 
scope,  the  steam  user  would  derive  economy,  and  the  public  would 
be  benefited  by  the  prevention  of  explosions.  That  meant  that  the 
boiler  owners  m.ust  pay  a  higher  price  for  first-class  boilers ;  and  he 
was  sure  there  were  boilers  made  of  the  same  size  as  that  shown 
in  the  drawings,  but  with  none  of  the  improvements  there 
represented,  which  could  be  purchased  at  two-thirds  or  less  than 
two-thirds  of  the  price  of  such  a  boiler  as  was  tui'ned  out  by 
the  best  makers.  Few  boiler  owners  could  understand  how  it 
covdd  pay  to  give  such  high  prices;  it  was  only  experience  that 
would  prove  to  them  that  the  author  of  the  paper  was  right  in 
recommending  the  best  boilers   that  could  be  made. 

In  reference  to  the  testing  of  boilers,  it  had  been  said  in  the 
paper  that  a  boiler  of  the  description  shown  in  the  drawings,  30  ft. 
long  by  7  ft.  diameter,  should  be  tested  by  1501b.  hydraulic  pressure, 
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the  working  pi-essure  being  75  or  80  lb.  That  was  what  he  should 
call  an  excessive  test  pressure.  At  Messrs.  Grallo way's  works  and  at 
Itlr.  Adamson's  works  he  had  seen  four  boilers  of  those  identical 
dimensions  tested,  but  none  of  them  with  moi'e  than  120  lb.  pressure 
for  a  working  pressure  of  80  lb.,  so  that  the  test  was  50  per  cent, 
over  the  working  pressure  ;  and  this  proportion  of  test  pressure  to 
working  pressure  corresponded  exactly  with  his  own  practice. 
Very  likely  the  author  in  his  experience  had  found  that  sometimes 
by  excessive  pressure  a  flaw  had  appeared  in  some  part  of 
the  plates  or  sOme  part  of  the  riveting,  and  that  afterwards, 
as  a  flaw  never  got  smaller  but  always  increased,  it  had  been 
the  cause  of  one  of  those  explosions  that  could  not  easily  be 
.  explained.  He  thought  the  practice  was  to  be  condemned  of 
having  an  excessive  test  pressure,  such  as  was  used  in  France  and 
Prussia,  where  boilers  were  tested  not  merely  with  twice  but  even 
with  three  times  the  working  pressure;  the  consequence  of  this 
was  that  the  boilers  were  made  simply  to  stand  that  high  test 
pressure,  and  were  really  suitable  for  a  much  higher  working 
pressure. 

With  regard  to  longitudinal  stays,  he  agreed  in  thinking  that 
they  should  be  used  in  the  manner  shown  in  the  drawings ;  but 
there  was  one  point  that  had  not  been  mentioned,  and  it  was  an 
essential  one — that  the  gusset  stays  should  be  made  to  do  the  work 
first,  and  the  longitudinal  stays  afterwards.  That  could  be  done  by 
putting  a  large  washer  underneath  the  internal  nut,  and  screwing 
the  nut  up  as  hard  as  possible,  and  then  simply  screwing  up  the 
external  nut.  By  that  means  the  longitudinal  stays  would  only 
come  into  use  after  the  gusset  stays  had  taken  the  brunt  of  the 
work,  and  they  would  be  an  additional  security  to  fall  back  upon 
when  the  others  were  insufficient. 

B}'  looking  at  the  specimens  exhibited  which  had  bui'st,  he  thought 
many  valuable  corroborations  were  afforded  of  what  had  previously 
been  knowm,  or  had  been  suspected  but  had  not  been  quite 
surely  ascertained.  There  might  have  been  faults  in  the  castings 
which  had  given  way,  but  that  was  not  so  much  the  question 
as  the  best  means  of  projierly  strengthening  what  had  been  called 
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in  tlie  paper  an  unguarded  manhole.  His  own  practice  in  vertical 
boilers  always  was  to  rivet  round  the  manhole  a  wrought-iron  ring 
4  in.  wide,  |  in.  or  1  in.  thick,  fitted  down  carefully  to  the  boiler  plates. 
This  gave  the  advantage  that  a  smaller  manhole  could  be  used, 
because  there  was  an  additional  difficulty  in  getting  into  a  vertical 
boiler  when  there  was  a  large  projection  of  the  mouthpiece  outside. 
He  suggested  that  it  would  give  additional  value  to  the  experiments 
accompanying  the  paper  if  a  similar  trial  were  made  of  that  kind 
of  manhole,  strengthened  in  the  manner  described.  There  was 
also  another  point  that  struck  him :  the  boiler  shown  in  the 
drawings  was  weakest  longitudinally;  therefore  why  not,  iustead 
of  having  the  greatest  length  of  the  manhole  longitudinally, 
make  it  the  other  way,  crossways  ?  Then  it  would  extend  a  smaller 
distance  in  the  direction  in  which  the  boiler  was  weakest. 

The  description  given  in  the  paper  of  the  mudholes  and 
how  they  ought  to  be  made  was  confined  to  the  double-fined  or 
Lancashu-e  boiler;  but  in  the  Cornish  boiler  great  difiiculty  was 
experienced  in  getting  a  proper  mudhole  at  the  bottom,  unless 
the  flue  was  raised  excessively  high.  The  mode  that  he  adopted 
of  getting  over  that  difiiculty  consisted  in  fixing  on  the  bottom 
of  the  boiler  at  the  front  end  a  large  pocket  made  of  LowTnoor 
plate,  and  attached  to  the  front  plate  of  the  boiler,  which  was 
carried  down  for  the  purpose  ;  this  gave  plenty  of  room  for  a 
large  mudhole  in  the  front  plate,  and  the  blow-off  cock  was 
fixed  in  the  bottom  of  the  pocket.  By  this  means  several 
advantages  were  obtained.  The  difficulty  of  having  a  blow-off 
cock  at  that  part  of  the  boiler  in  the  ordinary  construction 
was  well  known,  and  it  was  very  difficult  to  replace  a  plate  at 
that  part.  But  by  this  plan  the  plate  forming  the  pocket  could  at 
any  time  be  replaced  when  requiring  renewal,  without  interfering 
with  the  rest  of  the  boiler ;  and  the  large  mudhole  in  the  front 
plate  gave  ample  room  to  examine  as  far  as  possible  the  bottom 
of  the  flue  and  the  bottom  of  the  shell  inside;  also  the  pocket 
served  as  a  receptacle,  in  which  the  greater  part  of  the  sediment 
from  the  water  woidd  collect,  for  blowing  off  through  the  cock 
or  cleaning  out  through  the  mudhole.     This  he  thought  was  superior 
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to  the  ordinaiy  plan  of  putting  two  small  mudholes  half  way  up  in 
the  front  of  the  boiler. 

With  regard  to  steel  plates  for  furnaces,  it  had  been  stated  in 
the  paper  that  these  had  been  attended  with  great  advantages,  but 
the  kind  of  steel  had  not  been  mentioned.  That  he  thought  was  a 
point  of  some  importance,  and  he  presumed  it  was  mild  carbonised 
steel  of  very  small  tensile  strain,  so  that  it  was  not  brittle ;  the 
question  of  tensile  strain  of  course  would  not  come  into  consideration 
at  all  for  the  furnace  plates,  as  they  were  subject  only  to  external 
pressure. 

For  the  shells,  "best  best"  ii'on  had  been  recommended  in  the 
paper ;  but  the  expression  "  best  best "  was  somewhat  vague.  He 
had  for  many  years  used  "  B  B  H  "  Bloomfield  iron  for  boilers, 
and  had  never  had  to  retmm  a  single  plate  of  that  brand,  but  he  had 
returned  several  defective  plates  of  "BBH  best  best."  In  the 
manufacture  of  the  plates  of  higher  quality  it  seemed  that  somehow 
or  other  the  men  either  had  not  had  sufficient  experience  or  did  not 
give  the  requisite  attention. 

With  regard  to  the  vacuum  valve  which  had  been  mentioned, 
there  was  one  point  he  hardly  understood — how  the  feed  water 
could  flow  into  the  boUer  in  the  event  of  a  vacuum  inside  it, 
unless  the  feed-pipe  and  valve  had  been  left  open  so  that  there 
was  direct  communication  with  the  water  main. 

With  reference  to  the  safety-valves,  it  had  very  properly  been 
pointed  out  in  the  paper  that  there  was  great  additional  safety  in 
employing  such  a  valve  as  the  Cowburn  valve  shown  in  the  drawing. 
Other  contrivances  had  also  been  mentioned,  and  he  had  himself 
used  one  that  was  called  Smith's  sentinel,  a  small  instrument  having 
a  steam  whistle  on  the  top  of  a  high  pipe.  The  moment  the 
working  pressure  was  exceeded,  steam  was  emitted  through  the 
whistle,  and  the  fireman  could  not  interfere  with  it  or  stop  it; 
the  attention  of  the  boiler  owner  or  works  manager  was  thus 
immediately  called  to  the  fact  that  the  boiler  was  working  under 
excessive  pressure,  over  and  above  the  working  pressure  at  which 
the  safety-valve  was  set.  As  affording  additional  safety  he  thought 
this  instrument  was  to  be  recommended. 
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In  regard  to  feed-water  heaters,  lie  wished  to  ask  whether  in 
addition  to  then*  other  advantages  it  was  not  also  found  that  they 
were  convenient  receptacles  for  the  sediment  and  scale  that  would 
otherwise  go  into  the  boiler.  At  a  certain  temperatui'e  the  sediment 
contained  in  water  was  thrown  down;  consequently  if  the  feed- 
water  heater  heated  the  water  to  that  temperature  before  it  got  into 
the  boiler,  it  retained  the  scale  that  otherwise  would  lodge  on  the 
heating  surface  of  the  boiler ;  thus  another  advantage  was  added  to 
those  mentioned  in  the  paper. 

The  statement  that  such  a  boiler  as  the  one  described  in  the 
paper  was  found  in  practice  to  be  capable,  provided  the  steam  were 
applied  to  a  fairly  economical  engine,  of  developing  200  Ind.  H.  P., 
.  was  one  in  which  he  could  not  agree ;  the  remark  was  quaKfied  by 
saying  that  the  steam  should  go  into  a  fairly  economical  engine ; 
but  he  objected  to  the  statement  that  a  boiler  developed  any 
indicated  horse-power  whatever.  It  evaporated  a  certain  amount 
of  water ;  but  what  was  done  with  the  steam  evaporated  from  that 
water  depended  entirely  upon  the  engine,  as  implied  by  the 
qualification  made  in  the  paper.  When  however  the  indicated 
horse-power  of  a  boiler  was  spoken  of,  it  could  not  be  wondered 
that  boiler  owners  should  ask  what  power  a  particular  boiler  would 
indicate.  If  it  were  replied  that  this  would  depend  upon  what 
engine  was  employed,  they  did  not  believe  it,  and  thought  it  must 
be  the  fault  of  the  boiler,  and  not  the  fault  of  the  engine,  if  the 
desired  power  was  not  obtained.  He  thought  therefore  that  that 
mode  of  expression  was  misleading. 

The  valuable  experiments  made  by  the  wi'iter  of  the  paper  he 
hoped  would  not  be  confined  to  horizontal  boilers,  but  would  be 
extended  to  vertical  boilers,  of  which  there  were  many  under 
inspection.  In  vertical  boilers  there  were  surfaces — for  instance 
the  surfaces  at  the  top,  the  crown  of  the  boiler  itself,  and  the  crown 
of  the  firebox — which  he  considered  ought  to  be  flat  and  not 
curved,  so  as  to  be  far  more  elastic.  But  to  deal  with  large  boilers 
of  that  description  was  treading  on  dangerous  grou.nd,  because 
hitherto  very  few  reliable  experiments  had  been  carried  out  upon 
them.     He  thought  therefore  it  would  add  to  the  value  of  the  paper 
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if  tlie  author  would  extend  his  observations  to  vertical  boilers,  and 
to  flat  and  ciu'ved  surfaces  such  as  the  flues  and  firebox  in  vertical 
boilers ;  because  when  such  surfaces  were  very  short  and  of  large 
diameter  it  was  often  a  question  whether  it  was  not  practicable 
to  save  a  number  of  stays,  as  compared  with  those  in  locomotive 
boilers.  It  was  of  course  easy  to  calculate  the  number  and  size  of 
stays  to  be  applied  to  flat  surfaces,  but  with  curved  surfaces  it  was 
not  so  easy  to  get  at  the  most  economical  way  of  applying  the  stays. 

]\Ir.  Jerbmuh  Head  thought  the  author  had  hardly  had  sufficient 
credit  for  the  gi'eat  pains  he  had  evidently  taken  in  working  up 
the  paper,  and  for  the  enthusiasm  with  which  he  had  devoted 
himself  to  his  subject.  If  in  no  other  way,  he  had  done  good  by 
raising  a  discussion  upon  boilers ;  for  if  there  was  one  thing  more 
than  another  that  every  mechanical  engineer  thought  he  did  know 
something  about,  it  was  a  boiler.  Many  of  the  remarks  made  in 
the  course  of  the  paper  canned  conviction  with  them.  What  was 
said  about  the  necessity  of  substituting  vrrought  iron  for  cast  iron 
around  manholes  and  mudholes  was  conclusive  at  all  events  to 
his  mind ;  also  what  was  said  about  the  harmlessness,  in  the  way 
of  weakening  the  boiler,  of  fixing  the  safety-valves  and  other 
fittings  in  separate  places,  instead  of  all  on  one  casting.  There 
were  several  valuable  remarks  on  minor  points,  such  as  the 
importance  of  keeping  the  non-conducting  composition  clear  of  the 
joints  and  fittings,  so  as  not  to  conceal  leaks ;  the  desirability  of 
carrying  the  steam  junction  pipes  in  a  circuitous  course,  so  as 
to  avoid  breakage  fi'om  expansion ;  the  objectionable  nature  of 
diaphragm  joints,  which  were  really  equivalent  to  the  introduction 
of  two  pistons  forcing  the  pipes  asunder,  therefore  doing  more 
harm  than  good ;  and  the  advisability  of  making  the  steam  pipes 
with  a  downward  inclination  from  the  boiler,  instead  of  draining 
towards  it  as  was  the  usual  custom,  so  as  to  prevent  the  possibility 
of  a  store  of  water  accumulating  in  the  pipes.  The  object  of  the 
paper  seemed  really  to  be  to  advocate  better  work  in  boiler  making, 
and  therein  he  thought  the  author  would  have  the  support  of  all. 
But  he  was  inclined  to  think  that  more  had  been  proved  than  had 
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been  Intended :  the  remarks  about  what  happened  directly  a  fire 
was  put  into  the  boiler, — about  the  frequent  collapse  of  tubes  if  the 
water  got  low, — about  the  hogging  of  the  flues, — and  about  the 
extreme  care  needed  in  setting  a  boiler, — these  remarks  could 
hardly  be  read  without  inducing  a  feeling  of  nervousness  about  the 
Lancashire  boiler  altogether,  and  impressing  the  idea  that  if  the 
greatest  pains  were  not  taken  with  every  little  detail — pains  which 
it  could  hardly  be  expected  would  be  universally  taken — the  boiler 
was  at  best  a  dangerous  implement.    * 

The  question  therefore  arose,  whether  the  Lancashire  boiler  now 
described  was  the  only  kind  of  steam  generator  to  be  recommended. 
The  paper  had  certainly  ignored  all  others,  perhaps  because  the 
author's  space  was  limited ;  but  he  could  not  help  feeling  that  there 
were  other  foi'ms  of  boiler,  such  as  some  vertical  boilers,  in  which 
these  dangers  were  considerably  lessened.  He  mentioned  this, 
having  under  his  own  care  nineteen  vertical  boilers  with  fiercer 
heats  through  them  than  were  dealt  with  in  any  Lancashire  boiler ; 
and  haviog  had  these  working  many  years  without  any  explosion 
and  without  any  strainings  or  any  trouble  worth  speaking  of,  he 
felt  some  confidence  in  saying  that  the  Lancashire  boiler  was  not 
the  best  type  of  steam  generator,  and  in  predicting  that  it  would 
come  to  be  largely  superseded.  The  nineteen  vertical  boilers 
that  he  referred  to  were  made  with  a  single  flue  right  through  in 
the  centre,  without  gussets  or  stays  of  any  sort,  but  with  a  number 
of  cross  tubes  in  the  flue ;  and  they  gave  excellent  results.  They 
were  all  fired  from  furnaces  which  were  also  employed  for  the 
heating  of  iron ;  but  there  was  no  reason  why  an  internal  firebox  to 
be  fired  in  the  ordinary  way  should  not  be  applied.  He  had 
recently  had  constructed  two  such  boilers,  each  20  ft.  high  and 
6  ft.  7  in.  diameter;  and  in  experiments  made  to  ascertain  their 
evaporative  power,  measuring  the  water  by  a  meter  as  it  was 
pumped  into  the  boiler,  it  had  been  found  that  the  boiler  evaporated 
46|  cub.  ft.  per  hour,  the  water  being  fed  in  at  170°  Fahr. 
During  a  three  hours'  experiment  when  there  was  no  interruption 
1  lb.  of  coal  evaporated  10-i  lb.  of  water;  afterwards  dui-ing  the 
dinner   hour   the    grate   was    cleaned,    and    the    experiment    was 
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continued  througla  the  day,  the  result  over  the  whole  day  being 
9  33  lb.  of  water  per  lb.  of  coal.  The  rate  of  consumption  of 
the  coal  was  slower  than  that  mentioned  in  the  paper,  being 
only  10  lb.  per  sq.  ft.  of  grate  per  hour ;  the  coals  were  of  a  sort 
known  in  Durham  as  Ivesley  coals ;  they  were  small,  and  rather 
damp  owing  to  rain  at  the  time  of  the  experiment.  The  boiler 
weighed  about  8  tons,  and  the  cost,  including  all  fittings,  chimney, 
gallery,  damper,  and  firebars,  was  £327,  or  £41  per  ton ;  it  appeared 
from  the  paper  that  the  ]!fencashire  boiler  cost  £27  10s.  per  ton 
with  fittings ;  but  the  vertical  boiler  had  been  ordered  in  December 
1873,  when  everything  connected  with  boiler  work  was  very  high 
in  price.*  He  was  informed  by  the  owners  of  the  boiler  that  so 
far  it  had  given  but  little  trouble,  the  only  occasion  being  some 
leakage  at  the  top  angle-iron,  which  was  afterwards  repaired. 

The  advantages  of  a  vertical  boiler  over  the  Lancashire  type 
were  that  it  did  not  occupy  above  one  tenth  of  the  floor  room, 
and  did  not  require  above  one  tenth  of  the  roofing.  There  was 
no  brick  chimney ;  the  weight  and  cost  he  had  given  included 
a  wrought-iron  chimney  lined  with  bricks,  therefore  there  was 
no  separate  chimney  to  pay  for.  There  was  no  seating  of  any 
sort,  except  that  the  boiler  was  set  upon  a  cast-iron  plate  on 
concrete.  There  was  no  straining,  because  the  whole  of  the 
firebox  and  flues  were  heated  equally,  and  as  they  expanded 
they  simply  bulged  out  the  top  plate  a  little,  and  that  might  go 
backwards  and  forwards  without  doing  any  damage  whatever ; 
there  was  of  course  no  hogging  of  any  sort.  There  was  sufficient 
room  for  a  man  to  get  in  Ixitween  the  flue  and  the  inside  of 
the  shell  all  round  for  examination ;  but  in  the  Lancashire  boiler 
there  were  certain  parts  where  the  space  was  so  confined,  that  a 
man  could  not  get  to  examine.  There  was  no  extenial  corrosion  in 
this  vertical  boiler,  because  there  was  nothing  hidden;  it  was 
covered  with  a  thick  coating  of  composition,  which  in  case  of  a  leak 
became  soft  and  revealed  the  defect.  There  was  no  chance  of 
bursting,  because  no  part  exposed  to  the  fire  was  in  tension  except 

*  The  cost  of  the  same  vertical  boiler  at  present  prices  has  been  ascertained 
to  be  about  £242  complete  as  above,  equivalent  to  £30  6«.  per  ton. 
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the  cross  tubes  inside  the  flue.  The  outei'  shell  not  being  exposed 
to  fire  could  be  made  butt- jointed  with  a  fish-plate  inside  and  ouit, 
the  rivet  holes  being  di'illed ;  this  was  perhaps  the  strongest  form 
of  joint  that  could  be  made,  but  on  account  of  the  three  thicknesses 
of  plate  it  was  inadmissible  for  sui-faces  exposed  to  the  fire.  With 
such  a  boiler  there  was  little  chance  of  bursting ;  and  even  if  bursting 
should  take  place,  there  was  comparatively  little  danger,  for  it  was 
probable  that  the  boiler  would  hardly  move  from  its  place,  from  the 
want  of  something  to  react  against.  But  in  a  Lancashire  boiler  or 
any  boiler  laid  down  on  its  side,  if  it  burst  it  had  the  ground  to 
react  against,  and  would  probably  fly  up  and  displace  a  large 
amount  of  material ;  and  if  it  was  covered  with  bricks,  like  the 
boiler  shown  in  the  drawings,  in  case  of  an  explosion  every  brick 
became  a  buUet.  Then  again  there  was  no  danger  from  the  water 
getting  low  in  a  vertical  boiler ;  the  water  level  might  vary  a 
couple  of  feet  and  do  no  harm ;  in  the  boilers  20  ft.  high  the  average 
water  level  was  5  ft.  from  the  top.  The  aim  in  designing  this 
boiler  had  been  to  put  so  much  heating  surface  above  the  fire  that 
the  flame  should  be  entirely  killed  before  it  got  to  that  part  of  the 
uptake  where  it  went  through  the  steam  space.  He  had  so  far 
succeeded  in  this,  that  having  in  one  case  put  in  a  short  pipe  from 
the  outside  shell  to  the  flue,  to  look  in  at,  he  could  see  no  flame 
whatever  when  the  boiler  was  being  fii*ed  as  hard  as  possible  in  the 
firebox ;  he  left  a  small  piece  of  nail-rod  in  the  pipe  for  many  weeks 
projecting  into  the  flue,  and  found  it  was  not  even  scaled  during 
that  time.  The  cross  tubes  in  the  flue  above  the  water  level  had  a 
tendency  to  dry  the  steam,  but  he  doubted  if  the  steam  was  ever 
superheated,  because  being  in  contact  with  the  water  it  would 
probably  saturate  itself  and  make  more  steam.  A  boiler  of  this  sort 
could  be  put  up  very  quickly,  because  there  were  no  foundations  to 
prepare ;  it  was  self-contained,  so  to  speak.  If  a  large  number  of 
boilers  were  required,  as  in  the  case  of  driving  a  large  mill,  it 
would  probably  be  best  to  arrange  what  might  be  termed  a 
battery  of  say  eight  of  these  boilers  in  the  form  of  an  octagon 
round  a  central  high  brick  stack,  with  a  roof  something  like  an' 
umbrella  radiating  from  the  chimney;    this   would  be  a  compact 
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arrangement  occupying  very  little  room.  It  would  be  observed  tliat 
the  outside  sliell  of  this  vertical  boiler  was  not  more  than  5  ft.  7  in. 
diameter,  against  7  ft.  minimum  diameter  of  the  Lancashii'e  boiler 
described  in  the  paper,  which  had  been  stated  to  be  suitable  for  a 
pi-essure  of  from  75  to  100  lb.  per  sq.  in.,  according  to  whether  the 
plates  were  7-lGths  or  9-16ths  in.  thick.  A  vertical  boiler  5  ft.  7  in. 
diameter  would  always  stand  20  or  25  per  cent,  more  pressure  than 
a  7  ft.  Lancashire  boiler  with  the  same  thickness  of  plate  ;  therefore 
if  higher  pressures  were  to  be  used,  it  would  obviously  be  desirable 
to  give  up  two  flues,  and  have  a  boiler  of  some  sort  with  a  single  flue. 
He  had  a  strong  impression  that  to  continue  to  use  boilers  laid 
down  on  their  sides  and  of  very  large  diameter  with  two  flues  was 
to  adhere  to  an  old  ty|)e  from  fashion,  rather  than  to  consider  the 
fundamental  principles  on  which  boilers  should  be  constructed. 

The  President  enquired  what  was  the  number  and  diameter  of 
the  cross  tubes  in  the  vertical  boiler  now  described,  and  how  they 
were  cleaned. 

Mr.  Head  repHed  that  there  were  fifteen  cross  tubes  in  the 
f ui'nacc  and  uptake,  those  in  the  uptake  being  tapered  from  7  to  9  in. 
diameter,  and  those  across  the  firebox  about  9  in.  They  could  be 
cleaned  from  the  inside  of  the  boiler,  and  the  soot  deposited  on 
them  externally  was  disposed  of  by  a  small  quantity  of  gunpowder 
once  a  week.  The  furnace  was  5  ft.  diameter  inside  at  the  bottom, 
tapering  to  2  ft.  9  in.  diameter  at  a  height  of  5  ft.  where  the  uptake 
began ;  and  to  examine  the  inside  of  the  boiler  a  man  got  in 
between  the  5  ft.  7  in.  diameter  of  the  outer  shell  and  the  2  ft.  9  in. 
diameter  of  the  uptake. 

Mr.  C.  Cochrane  observed  that  allusion  had'  been  made  to  the 
external  corrosion  of  boilers,  but  not  to  the  internal  corroiilon  which 
took  place  owing  to  the  acidity  of  the  water.  He  had  himself  seen 
this  take  place  at  the  water  level  in  an  ordinary  cylindrical  boiler 
laid  flat,  to  such  an  extent  that  in  a  recent  case  that  had  come  under 
his  notice  tlu;  boiler  had  to  be  rejected,  in  consequence  solely  of  the 
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internal  cortosion.  A  feed-water  heater  he  found  was  being 
introduced,  based  on  the  principle  of  absolutely  throwing  away  all 
the  pure  water  that  was  condensed  from  the  engine,  because  it 
contained  this  acid  property  of  corrosion ;  the  heater  being  warmed 
by  the  escaping  steam,  which  was  condensed,  heated  much  more 
feed-water  than  was  necessaiy  for  the  engine  supplying  the  steam ; 
and  it  struck  him  that  this  was  going  in  the  wrong  direction,  to 
incui'  the  trouble  of  condensing  the  steam  in  that  way,  and  then 
throwing  away  the  pure  condensed  water  thereby  obtained.  Trfb 
acidity  of  the  water  could  be  corrected,  as  at  his  own  works  it  was 
corrected,  by  the  use  of  caustic  soda  introduced  into  the  water 
before  it  went  into  the  boiler. 

Mr.  W.  S.  Hall  pointed  out,  in  reference  to  the  relative  strength 
of  boiler  plates  and  rivets  in  cross  section,  that  with  the  proportions 
given  in  the  paper  for  the  double-riveted  longitudinal  seams  the 
strength  of  the  plates  along  the  straight  line  was  30  per 
cent,  less  than  along  the  zigzag;  consequently  it  was  not 
surprising  to  see  that  in  all  the  burst  specimens  exhibited  the 
fracture  had  gone  in  a  straight  line,  instead  of  following  the  zigzag. 
The  fracture  would  never  be  got  to  follow  the  zigzag  until  the 
section  was  so  equally  proportioned  that  there  should  be  no 
reason  for  its  following  the  straight  line  rather  than  the  zigzag ;  and 
unless  this  was  done  the  full  benefit  of  double-riveting  would  not 
be  attained.  If  the  rivets  were  pitched  at  3|  in.  longitudinally, 
retaining  the  2  in.  pitch  in  zigzag,  the  tearing  section  in  line  or  in 
zigzag  and  the  shearing  section  of  rivet  would  be  practically  the 
same,  due  allowance  being  made  for  a  slight  rimering  of  the  holes, 
the  rivets  being  f  in.  diameter  and  the  plates  7-16ths  in.  thick. 

Mr.  E.  J.  C.  Welch  observed  that  allusion  had  been  made  to  the 
rough  manner  in  which  boiler  plates  were  punched  for  riveting ; 
and  no  doubt  when  the  plates  were  wholly  punched  and  guided  in 
the  machine  by  a  man  there  was  great  liability  to  err ;  but  that 
was  got  over  by  the  use  of  the  automatic  dividing  table  now 
employed  at  several   works,  by  which  the  plate  was  punched   at 
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exact  distances.  There  was  a  diffei'ential  adjustment  to  the  table 
to  enable  the  holes  in  the  smaller  diameter  of  the  boiler  to  be 
spaced  nearer  to  one  another,  thus  allowing  for  the  rivets  going 
in  a  radial  direction  when  the  plates  Avere  bent.  But  even  that 
would  never  approach  at  aU  to  the  advantage  gained  by  drilling. 
In  a  large  series  of  tests  made  in  the  present  year  by  Mi\  Kirkaldy 
on  drilled  and  punched  holes  of  the  same  nominal  diameter,  in 
plates  of  the  same  description  in  every  case — all  being  the  best 
K5iown  English  brands — it  had  been  found  that  with  punched  holes 
the  loss  of  strength  was  8*7  per  cent,  more  than  that  due  to  the 
material  removed,  and  the  elongation  of  the  holes  at  rupture  was 
only  7'6.5  per  cent. ;  with  the  drilled  holes  the  loss  of  strength  was 
only  that  due  to  the  material  removed,  and  the  elongation  of  the 
holes  was  just  double,  namely  15"8  per  cent.  Testing  the  plate  in 
the  direction  of  its  being  rolled,  the  ultimate  tensile  strength  of  the 
'punched  plate,  estimated  upon  the  entire  width  of  the  plate,  without 
deducting  the  rivet  holes,  which  were  the  same  in  both  cases,  was 
23,299  lb.  per  sq.  in;  and  of  the  drilled  plate  27,982  lb.,  or  more 
than  20  per  cent,  stronger.  Crossways  of  the  plate  the  strength 
was  22,063  lb.  with  the  punched  holes,  and  25,600  lb.  with  the 
drilled  holes,  or  about  11  per  cent,  more ;  so  that  these  experiments 
showed  a  very  great  advantage  in  favour  of  di-Uling.  But  ho 
thought  the  advantage  did  not  stop  there  ;  the  drilling  of  holes  in 
the  workshop  induced  greater  care  on  the  part  of  the  men  than  the 
old  rough  process  of  punching  them ;  secondly  the  iron  removed 
from  the  plate  was  only  that  necessary  for  the  admission  of  the 
rivet,  the  diameter  of  the  drilled  hole  being  no  greater  than  the 
smaller  diameter  of  the  tapering  punched  hole ;  and  thirdly  the  iron 
surrounding  the  hole  was  not  damaged  by  the  drilling,  as  it  was  by 
the  punching,  as  these  tests  clearly  proved. 

With  regard  to  steam  junction  pipes  being  broken  by  the  water 
lying  in  them,  he  had  witnessed  a  case  of  that  sort  in  Manchester 
not  very  long  ago.  A  6  in.  steam  pipe  about  100  ft.  long,  di'aining 
towards  the  boiler,  had  become  filled  with  condensed  water  at  the 
lower  end,  when  the  boiler  was  standing ;  the  steam  was  not  got  up 
tni  the  middle  of  the  day,  and  when  the  man  opened  the  valve,  the 
water  was  thrown   to   the   far  end  of  the  pipe,  which  was  closed 
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by  a  blank  flange,  and  the  pipe  was  torn  asunder  by  tlie  blow  with 
an  explosion  like  that  of  a  gnu  going  off. 

Referring  to  the  sentinel  low-water  alarms,  which  had  been 
mentioned,  the  best  of  them  he  thought  were  little  better  than  toys. 
They  did  very  well  when  they  were  new  and  properly  fitted  up,  and 
made  to  work  frequently  for  exhibition  to  people  looking  at  them  ; 
but  they  were  essentially  instruments  which  were  not  constantly  at 
work,  as  they  were  only  supposed  to  act  under  certain  circumstances 
at  very  long  intervals,  and  in  case  of  the  neglect  of  the  man  in 
charge  of  the  boiler.  They  thus  came  to  stick  fast  and  get  clogged 
up  and  otherwise  thi'own  out  of  proper  working  order ;  so  that 
they  were  not  to  be  relied  upon,  as  a  very  great  number  of 
.  them  failed.  There  was  the  case  of  one  which  had  recently  been 
introduced,  which  when  fixed  to  some  boilers  was  found  in  the 
morning  to  have  emptied  them. 

The  strength  of  the  internal  flues  in  a  boiler  was  certainly  an 
important  matter,  and  one  which  had  not  received  the  amount 
of  attention  which  it  demanded.  Boilers  were  frequently  met 
with  in  which  the  strengths  of  the  shell  and  of  the  flues  were 
altogether  at  variance.  Sir  Wm.  Fairbairn  had  established  a 
rule  from  a  series  of  experiments  in  which  he  had  shown  that  the 
strength  of  the  flue  varied  inversely  as  its  length  and  diameter,  and 
in  direct  proportion  as  the  thickness  raised  to  the  power  of  2"19, 
and  multiplied  by  the  constant  9,675,600,  all  the  dimensions  being 
taken  in  inches ;  his  rule  for  the  collapsing  pressure  of  a  flue,  whose 
length  was  taken  in  feet  and  diameter  in  inches,  became  therefore 

/^  1,       •        T.  ■11  •  or\e  OAA  (Thickness  in  ins.)  ^'^^ 

Collapsing  Pressm-e  m  lbs.  per  sq.  in.  =  806,300  x  L^th-i5-ftT^Diam.  in  ins. 

The  Board  of  Trade  had  adopted  a  rule  slightly  different,  in  which 
instead  of  taking  the  same  power  of  the  thickness,  wliich  needed 
the  use  of  logarithms  to  develop,  they  took  the  square  of  the 
thickness,  multiplied  by  90,000,  and  divided  by  the  product  of  the 
length  plus  one,  multiplied  by  the  diameter,  to  give  the  safe  working 
pressure,  which  was  assiimed  to  be  one  sixth  of  the  collapsing 
pressui-e;    their  rule  was  therefore 

Working  Pressure  in  lbs.  per  sq.  in.  =  90,000  x  (Length  1^/1^^" 7 x°Diam"  in  ins: 
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The  President  remarked  that  these  rules  could  only  apply  within 
certain  limits  of  length,  and  he  enquired  what  was  the  limit  of 
length  within  which  they  were  intended  to  be  employed. 

Mr.  Welch  said  the  Board  of  Trade  rule  was  intended  for 
application  to  marine  boUers,  for  which  in  practice  the  limit  of 
length  was  10  to  15  ft.  But  in  ordinary  cylindrical  boilers  there 
was  a  difficulty  in  ascertaining  what  was  the  "length"  of  flue  to 
which  the  rule  was  applicable.  Sir  Wm.  Fairbairn  in  making  his 
experiments  had  assumed  the  flue  to  be  one  plain  flue  the  whole 
length  of  the  boiler ;  but  flues  were  now  commonly  made  flanged  at 
about  every  3  ft.  of  their  length,  and  the  question  was,  what  was  the 
strength  of  that  flanged  seam  to  resist  collapse.  Sir  Wm.  Fairbairn 
suggested  the  dividing  up  of  the  flue  into  a  series  of  short  lengths, 
with  a  hoop  round  each,  without  however  stating  the  strength  of 
the  hoops ;  and  if  their  strength  was  not  stated,  the  rule  became 
utterly  useless,  because  unless  the  hoops  were  strong  enough  to 
prevent  collapse,  the  flue  and  hoops  would  all  collapse  together.  It 
would  be  interesting  to  know  what  strength  the  wi'iter  of  the  paper 
attributed  to  the  flanged  seam  shown  in  the  drawings ;  and  whether 
he  considered  that,  in  calculating  the  collapsing  pressiire  of  flues 
constructed  with  these  seams,  they  might  be  considered  as  being 
of  a  length  equal  to  the  distance  between  any  two  adjacent  flanges, 
or  whether  they  should  not  be  considered  as  of  a  length  equal  to  the 
distance  between  two  alternate  flanges,  namely  6  ft.  instead  of  3  ft. 

With  regard  to  the  pressure  to  which  the  boilers  were  tested,  it 
seemed  to  him  that  no  hydraulic  test  of  less  than  double  the  working 
pressure  should  be  considered  satisfactory  for  any  boiler.  If  the 
boiler  were  properly  made,  it  would  not  be  injured  by  that  test ; 
because  as  long  as  any  material  was  tested  within  its  elastic  limit 
it  returned  to  its  original  condition ;  and  it  was  to  be  supposed  that 
no  boiler  would  be  made,  whose  elastic  limit  was  less  than  twice 
its  working  pressure. 

Mr.  C.  C.  Walker  said  there  was  one  point  which  ought  not  to 
be  lost  sight  of,  and  that  was  the  question  of  priming,  which  was 
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a  great  bugbear,  to  say  nothing  of  its  danger.  A  question  had  been 
raised  respecting  steam  domes,  and  there  was  no  doubt  that  they 
were  dangerous  if  they  were  not  properly  made;  but  some  such 
arrangement  as  had  been  described  prevented  the  danger,  and  that 
it  would  prevent  priming  he  supposed  was  proved  by  practical 
experience.  He  had  seen  boilers,  properly  proportioned  to  their 
work — not  double-flue,  but  single-flue  boilers — which  in  the  early 
days  when  the  mode  now  described  of  carrying  off  the  steam  was 
introduced,  by  having  a  pipe  inside  the  boiler  perforated  with  holes 
along  the  top,  primed  fearfully  from  want  of  a  steam  dome,  and 
could  not  by  any  means  be  kept  up  to  ordinary  work.  One  case  he 
remembered  where  every  means  had  been  tried  to  prevent  the 
,  priming,  and  the  only  remedy  was  to  put  on  a  steam  dome ;  and 
from  that  day  the  boiler  never  gave  any  trouble  in  priming.  The 
water  used  was  ordinary  water,  not  soft,  and  was  the  same  both 
before  and  after  the  dome  was  put  on.  The  same  thing  applied  to 
the  vertical  boilers  that  had  been  spoken  of,  which  were  no  doubt 
very  excellent  producers  of  steam;  they  went  into  a  small  space, 
and  possessed  the  other  advantages  that  had  been  already  described ; 
but  they  were  liable  to  prime.  The  area  of  the  water  surface 
through  which  all  the  steam  had  to  pass  up  was  so  small  that  the 
priming  in  this  case  was  very  serious  indeed.  If  the  steam  was 
being  carried  off  rapidly,  as  would  be  done  by  steam  hammers 
working  quick,  it  was  astonishing  what  a  serious  nuisance  priming 
was  with  narrow  vertical  boilers.  The  explanation  he  gave  of  it 
was  that  every  particle  of  water  was  highly  charged  with  steam  by 
its  temperature  being  so  much  above  the  boiling  point  of  212°  on 
account  of  the  boiler  pressure,  and  as  soon  as  this  pressure  was 
reduced  by  the  steam  being  drawn  off  rapidly,  all  the  molecules  of 
steam  in  the  water  throughout  the  boiler  made  an  effort  to  escape  ; 
but  the  sectional  area  of  the  boiler  being  so  small,  and  the  depth  of 
water  so  great  through  which  the  steam  must  pass,  it  could  not 
escape  fast  enough  from  the  water  ;  but  the  elastic  force  of  the 
steam  overcoming  the  gravity  of  the  water  forced  it  forward,  and 
the  whole  body  of  the  water  was  lifted  to  the  top  of  the  boiler,  and 
thus  produced  priming ;  that  was  one  of  the  things  which  militated 
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against  vertical  boilers.  In  the  horizontal  boilers  the  water  surface 
was  so  large  and  the  depth  of  water  so  small  that  the  steam  rose 
gradually,  and  with  proper  steam  domes  such  boilers  seemed  to  him 
to  be  under  the  best  possible  conditions  to  prevent  priming. 
When  a  vertical  boiler  was  priming,  which  it  often  did  for  hours 
together,  the  glass  water-gauge  was  useless ;  he  was  sure  that  any- 
one who  had  seen  a  vertical  boiler  priming  would  imagine  from  the 
glass  gauge  that  the  boiler  was  full  of  water.  The  fact  was  that 
the  water  was  at  the  top  of  the  boiler,  instead  of  being  where  it 
should  be,  and  the  glass  gauge  was  thus  of  no  value  at  all ;  indeed 
gauge-cocks  were  then  of  no  use — a  most  dangerous  condition  of 
things.  As  regarded  priming  therefore  he  thought  the  vertical 
boiler  stood  no  comparison  with  the  horizontal  boiler. 

!Mr.  L.  Olrick  thought  the  last  speaker  must  have  been 
nnfortunate  with  vertical  boilers.  Having  himself  had  a  tolerable 
experience  of  vertical  boilers,  of  which  he  had  made  about  a 
thousand,  he  had  never  had  a  single  instance  such  as  had  been 
complained  of,  in  which  neither  the  water  gauge  nor  the  gauge- 
cocks  were  of  any  use.  In  a  vertical  boiler  there  was  often  a  larger 
steam  room  than  in  a  horizontal  boiler  without  a  dome ;  and  that 
might  account  for  it.  In  the  vertical  boilers  which  were  stated  to 
have  primed  so  badly  he  thought  the  water  must  have  been 
excessively  soft.  If  water  were  taken  from  peat,  no  form  of  boiler 
could  avoid  priming ;  the  best  remedy  was  to  put  lime  into  the 
water,  which  would  do  away  with  priming. 

^Ir.  J.  Robinson  was  glad  to  hear  of  Mr.  Head  having  had 
nineteen  vertical  boilers  working  successfully  for  a  good  many 
years,  as  in  a  place  like  ^Manchester  the  cost  of  land  for  setting  up 
lx)ilers  was  heavy.  His  own  experience  however  of  vertical  boilers 
in  Manchester  was  anything  but  satisfactory.  These  were  like 
those  used  by  Mr.  Head,  with  a  central  uptake  passing  up 
through  the  middle  of  the  cylindrical  boiler,  and  taking  heat  from 
iron  furnaces  ;  and  the  result  had  been  that  a  considerable  amount 
of  flame  had  passed  up  the  uptake,  and  when  the  steam  was  taken 
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ofE  it  rushed  from  the  water  with  such  violence  that  it  was  really,  as 
a  previous  speaker  had  said,  very  difficult  to  find  where  the  water 
level  was,  and  the  amount  of  priming  also  was  great ;  so  that  there 
had  to  be  a  considerable  allowance  between  the  proper  position  of 
water  and  the  position  at  which  it  might  appear  to  be,  to  avoid  the 
danger  of  explosion  from  the  water  level  getting  too  low. 

In  addition  to  this  there*  was  another  danger  which  seemed  to 
llim  to  be  inevitable  in  vertical  boilers.  Whatever  Mr.  Head  might 
have  said  about  takiug  out  the  heat  passing  up  an  uptake  of  that 
kiud  before  it  reached  the  steam  space,  he  might  state  that  in  all 
vertical  boilers  he  had  himself  seen  that  heat  had  not  been  so  taken 
out,  and  a  considerable  amount  of  heat  and  sometimes  a  very  red 
flame  had  passed  up  not  only  through  the  steam  space  of  the  boiler 
but  out  and  beyond  it.  It  seemed  that  had  been  feared  in  the  boilers 
used  by  Mr.  Head,  for  the  wrought-iron  chimney  to  take  away  the 
products  of  combustion  was  stated  to  be  lined  with  brick — a 
very  natural  and  proper  precaution.  In  the  neighbourhood  of 
Manchester,  not  many  years  ago,  a  vertical  boiler  of  that  kind,  but 
as  far  as  he  remembered  without  any  cross-tubes  to  absorb  the  heat, 
actually  did  explode,  from  the  fact  he  believed  of  the  superheating 
of  the  steam ;  for  the  steam  rising  so  far  above  the  surface  of  the 
water  was  not  able  to  saturate  itself,  because  the  distance  from  the 
sui'face  of  the  water  in  a  boiler  of  small  diameter  prevented  the 
saturation  from  going  on  sufficiently  rapidly,  and  the  result  he 
beKeved  was  a  large  increase  of  pressure  of  the  steam  by  becoming 
superheated,  and  an  explosion  took  place.  N^ot  only  at  the  works 
where  that  accident  took  place  but  at  his  own  works  also  the 
vertical  boilers  had  since  been  taken  down  and  laid  horizontally, 
notwithstandiag  the  enormous  expense  of  doiag  it  and  the 
disadvantages  connected  with  horizontal  boilers. 

Mr.  Head  observed  in  explanation,  with  regard  to  the  question 
of  the  priming  of  vertical  boilers,  that  there  were  of  course  vertical 
boilers  of  various  types,  and  he  admitted  that  it  required  care 
ia  the  designing  of  the  proportions  to  get  an  effective  one. 
With  the  niaeteen  vertical  boilers  to  which  he  had  referred  he  had 
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never  been  troubled  with  any  priming  whatever.  He  attributed  it 
partly  to  the  fact  that  there  was  a  considerable  amount  of  steam  pipe 
in  connection  with  them,  a  number  of  boilers  supplying  steam  into  the 
same  pipes — which  thus  acted  as  a  soi-t  of  reservoir — and  a  number 
of  engines  taking  the  steam  out ;  in  that  way  the  steam  was  drawn 
from  each  boiler  in  a  very  equable  way,  and  there  was  no  priming. 
On  the  contrary,  with  small  vertical  boilers  which  were  also 
multitubular,  such  as  were  put  on  "  coffee-pot "  locomotives,  he  had 
known  trouble  to  arise  from  priming,  because  the  steam  room  was 
there  often  too  limited. 

With  regard  to  the  uptake  goiag  through  the  steam,  he  knew 
there  were  circumstances  in  which  it  might  be  dangerous,  and  that, 
where  the  design  had  been  faulty,  explosions  had  occurred.  One  of 
the  vertical  boilers  of  the  make  he  had  described  with  internal 
firebox  had  been  at  work  at  least  two  years  and  without  any  trouble. 
It  must  be  bonie  in  mind  that  the  uptake  was  intersected  ia 
two  directions  by  the  cross  tubes,  which  were  also  made  somewhat 
stronger  in  the  steam  space  than  the  lower  cross  tubes,  to  allow  for 
possible  corrosion ;  in  his  case  he  could  not  conceive  that  there  was 
any  danger  of  collapse.  He  had  tried  the  heat  when  the  boiler 
was  first  set  to  work,  and  had  satisfied  himself  that  there  was  no  heat 
in  the  uptake  capable  of  douag  damage ;  but  if  he  had  found  that  the 
sting  was  not  taken  out  of  the  heat  at  that  height,  it  would  have 
been  a  small  matter  to  make  the  boiler  a  little  higher,  putting  in 
more  lengths  of  flue-piece  with  the  cross  tubes.  With  regard  to  the 
lining  of  the  chimney  above  the  boiler  with  brick,  that  was  done 
simply  to  prevent  the  cold  wind  as  it  blew  on  the  sides  of  the 
chimney  from  destrojdng  the  di'aught ;  there  was  no  brick  lining 
where  the  uptake  passed  thi'ough  the  steam;  the  bricks  were 
simply  above  the  boiler  to  keep  up  the  heat  of  the  chimney. 

Mr.  J.  I.  Thornycroft,  in  reference  to  the  comparison  made 
between  the  Lancashire  boiler  and  the  upright  boUer,  drew  attention 
to  the  fact  that  in  the  Lancashire  boiler  a  very  great  part  of  the 
structure  was  available  for  heating  surface ;  of  the  outer  shell  about 
two-thirds  of  the  surface  was  available  for  heating  surface,  whereas 
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in  a  vertical  boHer,  as  submitted,  the  outer  shell  was  he  supposed 
much  greater  in  proportion,  and  was  not  available  as  heating  surface. 
He  had  no  doubt  that  successful  vertical  boilers  might  be  made,  but 
one  thing  that  militated  against  them  was  that  in  a  vertical  boiler 
the  hot  gases  had  a  tendency  to  ascend  faster  than  the  cooler  ones, 
and  it  thus  happened  that  some  parts  of  the  products  of  combustion 
might  remain  in  the  boiler  a  considerable  time,  while  the  recently 
consumed  gases  might  pass  rapidly  to  the  chimney ;  these  were 
difficulties  to  be  got  over.  With  regard  to  priming,  he  thought  the 
small  sm'face  of  water  in  a  vertical  boiler  was  much  against  getting 
dry  steam. 

Mr.  A.  Paget  observed  that  in  the  list  of  boiler  fittings  described 
in  the  paper  no  mention  had  been  made  of  a  fusible  plug ;  probably 
the  author's  reason  would  be  that,  while  he  thought  it  would  do  no 
harm,  it  really  did  no  good,  and  this  he  knew  was  a  general  feeling ; 
but  he  also  noticed  that  one  Manchester  company  undertook  to 
insui'e  boilers  at  a  less  premium  if  they  were  provided  with  a  certain 
fusible  plug.  The  author  of  the  paper,  with  his  large  experience, 
ought  to  know  the  value  of  a  fusible  plug ;  but  here  was  a  company 
which  also  ought  to  have  some  knowledge  of  the  subject,  that  offered 
to  insure  boilers  at  a  less  premium  if  this  particular  plug  was 
put  in,  and  he  should  like  to  ask  whether  the  author  thought  the 
plug  to  be  of  value. 

It  was  evident  from  the  remarks  of  many  speakers  who  knew 
so  much  about  riveting  and  plates,  that  with  all  the  present 
experience  and  experiments  it  was  not  yet  known  how  to  make  the 
best  riveted  joints;  and  he  suggested  that  it  was  very  desirable 
that  this  should  be  known,  and  that  it  was  an  important  point  for 
the  Institution  of  Mechanical  Engineers  to  ascertain,  for  the  benefit 
not  only  of  the  members  but  of  the  world  at  large,  professional  and 
unprofessional.  It  had  been  so  clearly  brought  out  that  engineers 
did  not  yet  know  what  was  the  best  riveted  joint — there  being  so 
much  difference  of  opinion  on  the  point — that  he  would  suggest 
that  the  Institution  should  endeavour  to  do  what  in  regard  to  screw 
threads  one  man  had  done  years  ago,  and  that  they  should  try  to 
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settle  what  really  were  the  best  proportions  for  a  riveted  joint. 
This  would  be  an  expensive  and  laborious  undertaking,  and  one  that 
no  private  person  would  like  to  undertake,  but  it  might  be  undertaken 
by  the  Institution  with  great  advantage.  He  ventured  to  hope  that 
one  of  the  many  valuable  outcrops  from  this  excellent  paper  might 
be  that  the  Council  woidd  consider  whether,  as  some  portion  of  the 
scientific  investigation  to  be  undertaken  by  the  Institution,  it  could 
ascertain  and  settle  what  were  the  safest  and  best  proportions  for 
riveted  joints. 

]\Ir.  J.  Platt  remarked  that  it  would  be  interesting  to  know  how 
the  author  had  brought  about  the  extensive  rents  in  the  fractured 
specimens  of  boiler  plates  exhibited, — how  the  pressure  had  been 
sustained  after  leakage  commenced.  He  had  himself  been  quite 
struck  to  see  the  immense  power  required  for  it. 

With  regard  to  the  question  of  punching  versus  drilling,  he 
rather  thought  that  very  bad  punching  had  been  taken  for 
comparison  against  very  good  drilling.  It  was  some  years  since 
punching  had  been  left  off  by  Mr.  Adamson,  and  at  that  time  the 
process  was  not  carried  out  in  the  scientific  manner  of  the  present 
day.  It  was  now  done  in  a  very  careful  manner,  the  most  skilled 
workmen  were  employed,  the  punches  were  made  to  a  standard 
gauge,  and  the  dies  drilled  out  to  another  gauge,  and  the  work  was 
done  by  men  who  were  so  expert  that  he  had  little  doubt  they  would 
punch  a  plate  with  not  moi*e  than  l-32nd  inch  difference  in 
pitch,  or  even  less  than  that.  However  there  was  no  doubt  that  a 
di'illed  hole  must  be  more  mathematically  correct  than  a  punched 
one;  but  it  was  a  great  question  whether  there  was  so  much 
advantage  in  it  as  would  justify  going  to  the  extra  expense ;  as  a 
boiler  maker  he  only  wished  this  might  be  the  case.  There  was  a 
difificulty  in  getting  a  sufficient  price  to  make  a  decent  job  with 
punching;  and  as  to  drilling,  the  extra  cost  was  out  of  the  question 
in  a  great  many  cases. 

With  regard  to  cast-iron  mouthpieces,  something  had  been  said 
about  bad  workmanship  having  perhaps  been  partly  the  cause  of  the 
failure  of  the  fractured  specimens  exhibited.     At  his  own  works 
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the  practice  was  to  rivet  the  cast-iron  mountings  apon  the  boilers 
by  a  hydraulic  machine,  which  could  be  done  perfectly  the  same  as 
the  rest  of  the  boiler  work ;  it  made  a  very  good  job,  and  avoided 
crystallising  the  iron  by  the  hammer. 

Mr.  T.  B.  Hall  considered  the  flanged  seam  was  an  admirable 
form  of  joint  for  boiler  flues,  well  able  to  withstand  the  external 
pressure;  but  he  should  like  to  ask  how  a  flue  made  with  those 
flanged  joints  could  be  repaired  without  taking  the  end  plate 
of  the  boUer  out.  It  seemed  to  him  that  this  form  of  flue  was 
a  great  disadvantage  in  case  of  repaii*. 

Mr.  A.  Bower  observed  that  the  Board  of  Trade  rule  for 
calculating  the  strength  of  a  boiler  flue  gave  no  limit  as  to  the  length 
of  the  flue,  and  would,  as  the  President  suggested,  be  evidently 
reduced  to  an  absurdity  by  supposing  the  length  to  be  indefinitely 
increased.  Other  rules  of  the  Board  were  equally  defective,  and  he 
might  mention  the  rule  which  required  an  inferior  factor  of  safety 
to  be  employed  in  cases  where  the  boilers  had  not  been  specially 
open  to  inspection  by  the  Board  dmnng  construction  ;  what  there 
could  be  in  their  inspection  to  make  ii'on  stronger  than  it  would 
be  under  other  circumstances,  he  was  at  a  loss  to  find  out. 
He  had  listened  with  great  pleasure  io  the  paper  that  had  been  read, 
for  which  the  author  deserved  great  credit.  In  the  style  of  boiler 
described  he  did  not  think  any  credit  at  all  had  been  claimed  for 
originality ;  it  had  been  brought  forward  simply  to  show  how  an 
institution  like  the  Manchester  Steam  Users'  Association  coiJd  by 
self-government  and  self-organisation  bring  about  a  good  type  of 
manufacture  far  better  than  by  any  government  supervision.  As 
a  marine  engineer  he  felt  strongly  that  they  were  aU  indebted  to  the 
author  of  the  paper,  who  had  said  simply  that  such  a  boiler  would 
bear  with  safety  a  certain  working  pressure,  not  having  to  consider, 
as  in  marine  work,  whether  it  would  please  the  Board  of  Trade. 
If  land  boilers  ever  came  under  the  control  of  the  Board  of 
Trade,  it  was  not  likely  that  boilers  of  the  kind  described  in  the 
paper  would  be  passed  for  such  high  pressures  as  they  were  now 
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satisfactoi'ily  worked  at.  ^Marine  boilers  now  being  made  at  his 
fii-m's  works,  14  ft.  diameter  with  shell  plates  Ij  in.  thick, 
would  only  be  allowed  to  carry  the  steam  pressure  at  which  these 
Lancashire  boilers  of  7  ft.  diameter  and  7-16ths  in.  thickness  were 
satisfactorily  working ;  for  such  pressures  these  large  boilers  would 
be  approved  by  the  Manchester  Steam  Users'  Association  if  made 
of  plates  I  in.  thick,  yet  it  was  now  compulsory  to  put  plates  of 
Ij  in.  thickness.  Nothing  would  give  him.  greater  pleasure  than 
to  see  the  suggestion  carried  out,  that  this  Institution  should 
take  in  hand  the  establishing  of  what  would  be  a  well-made  and 
well-proportioned  riveted  joint;  and  he  would  ask,  if  this  were 
done,  that  the  investigation  should  go  far  beyond  the  present  type 
of  Lancashire  boiler,  because  it  was  seldom  that  such  boilers  went 
further  than  ^  in.  plates,  and  now  in  marine  boilers  plates  were 
being  riveted  of  Ij  in.  and  even  ly\-  in.  thickness,  and  it  was  even 
contemplated  that  If  in.  might  be  required. 

With  reference  to  the  difference  between  punching  and  drilling 
the  rivet  holes,  he  scarcely  thought  there  was  any  maker  of  boilers 
who  would  venture  to  punch  a  joint  with  Ij  in.  plates;  the 
difference  in  diameter  between  one  side  of  the  hole  and  the  other 
would  be  so  great  that  he  did  not  think  a  good  job  could  be  made  of 
it.  In  fact  boilers  of  that  type  he  felt  were  more  the  work  of 
mechanics  than  boiler-makers.  At  his  firm's  works  all  the  edges 
of  the  plates  were  planed  and  all  the  rivet  holes  drilled,  and  it  was 
necessary  to  give  such  attention  to  the  joints  that  the  experiments 
suggested  would  be  invaluable.  Although  it  had  been  said  the 
fractured  specimens  exhibited  showed  that  the  boiler  from  which 
they  were  obtained  was  not  well  proportioned,  he  considered  every 
failure  of  a  boiler  in  testing  was  of  great  advantage  so  far  as 
gaining  experience  went ;  and  these  specimens,  all  fractured  along 
a  riveted  joint,  showed  with  certainty  where  the  weak  points  were, 
and  taught  a  far  better  lesson  than  if  the  boiler  had  been  found 
to  break  sometimes  in  one  place  and  sometimes  in  another. 

Mr.  J.  Robinson  enquired  whether  the  1\  in.  plates  for  marine 
boUers  were  bent  cold ;  if  so  he  should  suspect  the  strength  of  the 
plates  was  greatly  reduced  in  the  operation. 
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Mr.  Bower  replied  tliat  his  firm  never  attempted  to  bend  tlie 
plates  without  warming  them,  as  very  great  risk  would  otherwise 
be  incuiTed,  and  an  element  of  danger  would  be  introduced. 

Mr.  C.  E.  Amos  mentioned  that  with  regard  to  priming  he  had 
himself  experienced  difficulties,  and  in  one  or  two  instances  had  got 
over  them  by  the  plan  of  fixing  within  the  boiler,  beneath  the  hole 
through  which  the  steam  rushed  into  the  steam  pipe,  a  piece  of 
boiler  plate  as  large  as  could  be  got  in  through  the  manhole  ;  that 
piece  of  plate  was  jagged  all  round  as  rough  as  it  could  be  made, 
with  as  sharp  jags  as  possible.  This  plate  was  fijxed  at  a  short 
distance  from  the  upper  boiler  plate,  and  the  consequence  was  that, 
the  steam  rising  all  round  the  plate,  the  jagged  edges  of  the  plate 
cut  through  the  stream  of  water  that  rushed  up  with  the  steam,  and 
enabled  the  steam  to  escape  into  the  steam  pipe  without  caiTying 
the  water  with  it.     It  was  a  simple  plan  and  very  little  cost. 

Mr.  Fletcher  said  it  had  been  suggested  in  the  discussion  that  it 
would  have  been  well  if  the  paper  had  taken  a  somewhat  wider  range, 
and  had  entered  upon  a  comparison  between  the  Lancashire  and  other 
boilers.  That  would  certainly  have  been  a  matter  of  interest,  but 
the  subject  of  the  paper  had  been  strictly  limited ;  it  only  took  up 
what  was  comparatively  a  naiTOw  ground,  the  object  being  to  meet 
certain  practical  difficulties  that  were  met  with  in  the  use  of 
Lancashire  boilers,  by  giving  an  account  of  the  construction, 
equipment,  and  setting  found  to  give  the  most  satisfactory  results 
of  those  under  the  inspection  of  the  Manchester  Steam  Users' 
Association.  This  boiler  had  become  a  general  favouiite  for  mill 
purposes,  with  certain  variations.  Some  of  the  reasons  for  this 
were — it  had  a  large  water  area  from  which  steam  could  readily 
escape ;  it  had  steadiness  in  supply  of  steam ;  there  was  a  large 
quantity  of  water  forming  a  reservoir  of  steam  power,  so  that  such 
constant  firing  and  feeding  with  water  were  not  required  as  in  the 
case  of  a  boiler  that  contained  much  less  water. 

The  Lancashii'e  boiler  laboured  under  the  disadvantage  of  not 
being  as  portable  as  a  sectional  boiler  or  a  water-tube  boiler :  that 
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must  be  granted ;  but  tlie  water-tube  boilers  had  not  fulfilled  their 
promise  of  safety,  as  proved  by  the  unfortunate  experience  of 
recent  months ;  and  where  a  boiler  required  such  constant  feeding 
with  water  and  coal,  that  was  of  coui'se  a  disadvantage.  The 
Lancashii'e  boiler  had  another  disadvantage :  it  occupied  a  great 
deal  of  floor  room;  and  it  was  generally  found,  as  already  stated, 
that,  in  di'awing  near  the  centre  of  large  towns  where  rents  were 
high,  the  boilers  must  be  placed  on  end;  but  where  rents  were 
low,  space  could  be  afforded  for  laying  the  boilers  horizontally. 
The  true  object  of  the  paper  had  been  to  stimulate  steam  users  to 
adopt  a  better  style  of  boiler,  and  to  stimulate  boiler  makers  to  keep 
jDace  with  the  higher  style  of  construction,  so  as  to  convert  a  boiler 
into  a  piece  of  engine  work. 

He  was  sorry  he  could  not  agree  with  the  statements  that  had 
been  made  in  favour  of  vertical  boilers ;  he  thought  them  very 
dangerous,  as  he  had  had  to  investigate  several  explosions  arising 
from  boilers  of  that  class,  some  of  which  had  been  attended  with 
most  dangerous  consequences.  The  vertical  boiler  when  it  gave 
way  shot  up  to  a  gi-eat  height,  and  came  down  of  com'se  with 
considerable  velocity,  doing  great  harm.  Where  there  was  a 
long  vertical  heating  sui'face,  as  in  the  uptake  tube  of  a  vertical 
boiler,  steam  was  generated  on  the  vertical  surface,  and  in  rising 
took  the  place  whei-e  the  water  should  be ;  the  tube  became  coated 
and  enveloped  with  an  atmosphere  of  steam,  the  water  was  kept 
from  contact  with  the  plate,  and  the  metal  therefore  became 
overheated,  in  consequence  of  which  the  tube  worked  out  of  shape 
and  collapsed.  These  boilers  had  therefore  come  to  be  generally 
condemned,  at  aU  events  that  was  very  much  the  view  held  in 
Manchester,  but  he  shoidd  be  glad  if  these  difficulties  were  overcome 
elsewhere. 

Remarks  had  been  made  about  longitudinal  bolt  stays.  These  as 
stated  in  the  paper  had  been  removed  in  the  experiments  upon  the 
boiler  described ;  and  the  photographs  taken  during  the  experiments 
showed  that  under  the  severe  tests  applied,  the  ends  stood  without 
any  distress,  and  the  tubes  also ;  the  rents  took  place  in  the 
longitudinal  seams.     That  occurred  over  and  over  again,  and  he 


Mat.  LANCASHIRE    BOILER.  123 

thouglit  must  show  that  the  ends  did  not  want  the  help  of 
longitudinal  stays.  Even  in  a  plain  cylindrical  boiler  the  strain  at 
the  transverse  seams  and  rivets  was  only  half  of  that  at  the 
longitudinal  seams ;  in  the  Lancashire  boiler  it  was  less,  because  not 
only  was  the  area  of  the  end  plates,  that  was  exposed  to  the  steam 
pressui'e,  diminished  by  the  insertion  of  the  tubes,  but  at  the  same 
time  the  longitudinal  strength  of  the  boiler  was  increased  by 
introducing  two  very  strong  stays  in  the  shape  of  these  tubes 
themselves.  The  strain  on  the  transverse  seams  ia  the  Lancashire 
boiler  was  therefore  much  less  than  on  the  longitudinal  seams,  and 
thus  the  transverse  seams  had  very  much  less  to  do.  The 
longitudinal  bolt  stays  seemed  to  him  to  have  almost  a  sinecure ; 
they  should  at  all  events,  if  put  in  at  all,  be  put  in  perfectly  slack, 
so  as  to  lie  idle  until  a  transverse  ruptui'e  occurred,  when  they  could 
come  to  the  rescue. 

The  riveting  of  the  longitudinal  seams  in  the  experimental  boiler 
had  been  found  fault  with  by  Mr.  Adamson,  who  thought  that  a 
higher  result  could  yet  be  obtained.  He  was  very  glad  to  hear  him 
say  so,  and  should  be  sorry  to  think  that  an  ultimatum  had  been 
arrived  at.  The  best  fonn  of  riveted  joint  was  an  important 
question ;  the  experiments  in  connection  with  thfe  paper  had  already 
done  good  service  he  considered  by  showing  that  with  punched 
joints  a  boiler  of  the  thickness  and  size  described  could  be  depended 
on  up  to  as  much  as  300  lb.  pressure  per  sq.  in.  Such  boilers  as 
this  were  guaranteed  to  75  lb.  working  pressiu'e  per  sq.  in.,  and  this 
was  based  on  the  calculation  that  the  bursting  strain  was  300  lb. 
and  that  a  factor  of  safety  of  4  was  sufficient;  he  was  glad  therefore 
to  have  the  corroboration  of  these  tests  showing  that  the  calculation 
with  regard  to  the  bursting  strain  was  correct,  one  of  the  seam 
rents  exhibited  having  been  burst  at  a  pressure  of  300  lb.  and 
another  at  310  lb.,  while  one  of  the  cast-iron  mountings  had  been 
burst  at  295  lb.  In  conducting  such  experiments  difficulty  arose  if 
it  was  attempted  to  do  too  much  at  one  time;  he  had  been 
I'ecommended  to  try  a  wider  pitch  of  rivets  than  that  in  the 
specimens  shown,  and  had  commenced  trying  different  widths  at 
the  same  time ;  but  he  found  this  was  a  mistake,  and  that  it  was 
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impracticable  to  test  several  different  things  at  the  same  time. 
Having  been  disappointed  in  trying  to  do  too  much  at  first,  he  had 
resolved  to  adhere  to  one  thing  and  carry  it  out  fully,  and  had 
accordingly  made  all  the  tests  with  punched  holes  for  the  riveted 
joints  and  all  of  the  same  pitch.'  Another  set  of  tests  might  be 
made  with* drilled  holes,  and  he  should  be  glad  to  see  them 
carried  out. 

In  adopting  4  as  the  factor  of  safety  for  the  boUcr  in  working, 
and  he  was  glad  that  exception  had  not  been  taken  to  this  factor,  the 
principle  had  been  to  reckon  the  strength  of  the  boiler  in  strips 
of  1  in.  or  2  in.  width,  and  to  take  each  strip  on  its  own  merits ; 
and  the  factor  of  safety  of  4  was  applied  to  the  weakest  strip  that 
could  be  found  in  the  boiler.  N^o  credit  was  taken  for  crossing 
joints ;  but  wherever  a  hole  was  made,  the  opening  was  atoned  for 
by  putting  on  a  strong  mouthpiece.  On  the  old  system  of  allowing 
a  factor  of  safety  of  6,  a  good  deal  of  looseness  had  been  allowed  ; 
plates  were  cut  out,  and  manholes  were  left  unguarded,  because  it 
was  thought  that  with  so  large  a  margin  of  safety  carefulness  in 
those  respects  was  not  required ;  at  the  same  time  credit  was  taken 
for  crossing  joints.  So  that  if  the  actual  strength  of  the  boiler  as 
now  made  were  calculated  with  a  factor  of  safety  of  4,  it  would  be 
found  that  there  was  not  much  difference  between  the  result  so 
obtained  and  that  arrived  at  by  the  old  system  of  calculation  where 
a  factor  of  safety  of  6  was  presumed  upon. 

Attention  had  been  called  to  the  steam  dome,  and  a  plan  for 
strengthening  it  had  been  shown  by  Mr.  Cowper.  No  doul^t  the 
flat  plate  across  the  base  of  the  dome  was  just  what  was  wanted — 
something  to  tie  the  sides  of  the  boiler  together ;  at  the  same  time 
he  doubted  if  this  fully  atoned  for  the  weakening  effect  of  the 
dome.  As  to  flanging  the  shell  of  the  dome  itself  for  attaching  it 
to  the  boiler,  he  had  had  occasion  only  last  summer  to  investigate 
for  the  Board  of  Trade  two  explosions  that  had  occuiTed  with 
well-made  marine  boilers,  having  flanged  domes  secured  with  double 
riveting ;  in  both  cases  the  dome  was  blown  ofP,  the  f ractui'e  running 
along  the  line  of  rivet  holes  in  the  flange.  There  was  evidently  a 
very  weakening  effect  in  flajiging  the  iron ;  it  would  be  better  he 
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thouglit  to  put  a  strong  angle-iron  ttere,  because  a  greater  amount 
of  metal  could  thereby  be  introduced  at  tlie  joint.  In  the  very  act 
of  flanging,  the  metal  "was  sometimes  weakened;  and  if  such  a 
dome  Avith  a  flanged  joiut  "were  severely  tested  with  hydi-aulic 
pressui'e,  he  was  afi*aid  the  result  would  be  that  the  dome  would 
shoot  upwards  by  the  faUui'e  of  the  flanged  joint. 

Reference  ha"ving  been  made  to  insui'ing  boilers,  he  wished  to 
say  that  he  had  nothing  to  do  "with  the  insurance  of  boilers.  The 
inspection  of  boilers  was  one  thing,  insurance  was  another;  the 
question  was  an  interesting  and  a  long  one,  but  could  not  then  be 
entered  upon.  He  hoped  all  would  try  to  do  what  they  could  to 
stimulate  the  use  of  first-class  boilers,  got  up  "with  the  same  care 
and  finish  as  engines. 

The  President  thought  this  had  been  one  of  the  best  discussions 
at  which  he  had  ever  been  present.  He  hoped  that  Mr.  Fletcher 
would  continue  his  investigations  and  give  the  further  results  on  a 
futui'e  occasion.  There  was  one  subject  that  affected  the  construction 
of  boilers  in  several  respects,  that  had  not  yet  been  touched  upon — 
that  was,  the  self-acting  feed  of  furnaces.  He  believed  it  was  a 
matter  that  should  be  studied  in  connection  "with  the  construction 
of  boilers,  and  that  it  would  in  many  respects  modify  the 
construction  of  them.  He  thought  the  time  was  coming  when 
the  self-acting  feed  would  be  much  more  employed  than  at  present. 

He  moved  a  vote  of  thanks  to  Mr.  Fletcher  for  his  paper,  which 
was  passed. 


The  Meeting  was  then  adjourned  to  the  following  day. 
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The  Adjouroed  Meeting  of  tlie  Members  was  held  at  the 
Institution  of  Civil  Engineers,  London,  on  Thursday,  4th  May  1876; 
Thomas  Hawkslet,  Esq.,  President,  in  the  Chair. 

The  following  paper  was  read : — 
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DESCRIPTIOX  OF  THE  OGI  PAPER  :MILL,  JAPAN. 


By  Mb.  William:  ANDERSOX,  of  London. 


Tlie  Ogi  Paper  "Mill  is  situated  in  the  neighbourliood  of  Yeddo, 
and  belongs  to  a  Japanese  company.  It  lias  been  designed  for  the 
manufacture  of  paper  from  rags  or  from  prepared  fibres,  and 
produces  all  the  kinds  of  engine  sized  paper  that  are  used  for 
.printing,  packing,  wall  papering,  &c.,  and  also  the  lo'wer  quaUties  of 
writing  paper.  A  general  plan  of  the  mill  is  shown  in  Fig.  1, 
Plate  11,  and  longitudinal  and  transTerse  sections  in  Figs.  2  and  3, 
Plate  12.  The  Ogi  mill  is  one  of  recent  construction,  having  been 
erected  by  the  author's  firm  in  1874,  and  will  serve  as  an  illustration 
of  a  complete  paper-making  establishment  with  modem  machinery. 

The  process  of  manufacture  of  paper  is  divided  into  two 
portions — first  the  preparation  of  the  material,  and  second  the 
making  of  the  paper.  The  first  portion,  comprising  the  preparation 
of  the  rags  to  form  the  pulp  from  which  the  paper  is  subsequently 
manufactured,  consists  of  the  following  series  of  processes — sorting, 
cutting,  dusting,  boiling,  washing,  bleaching,  beating,  and  colouring. 

Soding. — The  rags  are  stored  in  a  warehouse  detached  from  the 
mill  and  are  first  carefully  picked  over  in  the  sorting  room,  to  cut 
out  alUsilk  or  wooUen  material,  buttons,  hooks  and  eyes,  &c., 
and  separate  them  into  different  qualities.  This  is  generally  done 
by  women,  at  the  separate  small  tables  shown  in  Fig.  1,  each 
4  ft.  by  2  ft.,  which  are  made  with  one  half  of  the  top  of  coarse 
wire  netting  three  meshes  to  the  inch,  out  of  the  middle  of  which 
projects  a  knife  blade  against  which  the  rags  are  cut,  the  dust  and 
fluff  falling  through  the  netting.  The  number  of  sorters  required 
depends  entirely  upon  the  quality  of  the  rags  used  and  of  the 
paper  made ;  in  the  Ogi  factory  twenty-seven  tables  are  provided. 
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Cutting. — The  rags  are  then  cut  up  into  small  pieces  by  a  Cutting 
Machine.  In  many  paper  mills  this  is  done  by  hand  by  the  sorters. 
The  cutter,  shown  ia  the  plan,  Fig.  1,  is  of  Bryan  Donkin  and  Co.'s 
make,  and  consists  of  a  flat  iron  plate  upon  -which  a  cross  knife  and 
three  longitudinal  knives  descend,  being  so  adjusted  as  just  to  touch 
and  press  upon  the  plate.  The  rags  are  fed  on  to  the  plate  by  a 
ti*avelling  leather  band  about  9  in.  wide,  which  has  an  intermittent 
motion,  and  works  over  the  bottom  of  a  trough  into  which  the  rags 
to  be  operated  upon  are  laid ;  the  knives  have  a  stroke  of  6  in.  and 
make  sixty  cuts  per  min.,  dividing  the  rags  into  cubes  of  about  3  in. 
on  the  side.  At  first  sight  it  would  seem  that  the  knives,  actually 
cutting  down  upon  an  ii"on  plate,  would  not  long  retain  their  edges ; 
but  expeiience  has  shown  that  if  the  machine  is  carefully  adjusted, 
which  is  easily  done,  the  knives  are  not  blunted  by  the  iron  plate, 
but  by  the  material  they  cut.  In  cutting  the  worst  materials,  the 
knives  requii'e  re-sharpeninsr  eveiy  two  or  three  days.  Besides  the 
saving  of  labour  effected  by  the  cutting  machines,  they  have  the 
advantage  of  dividing  the  rags  sharply,  and  without  shreding  them, 
into  i"egular  sizes  ;  which  is  important,  because  in  a  manufacture 
where  a  regulai'  resxQt  is  to  be  obtained — such  as  uniformity  of 
texture,  sti-ength  or  colour — every  stage  of  the  manufacture  should 
be  also  as  regular  as  possible.  The  other  materials — old  rope,  hemp, 
flax,  and  other  prepared  fibi-es — that  are  used  for  paper  making,  are 
ti'eated  in  the  same  manner  as  I'ags. 

Duster. — Tvova  the  cutting  machine  the  rags  are  taken  to  the 
Duster,  which  is  shown  in  Fig.  1.  and  is  a  cylinder  of  open 
woodwork,  lined  internally  with  wire  net,  thi-ee  meshes  per  in.,  and 
having  a  number  of  pointed  iron  spikes,  6  in.  long,  projecting  inwards. 
The  cylinder  is  4  ft,  6  in.  diameter  and  15  fL  long,  placed  at  an 
inclination  of  1  in  1(5,  and  revolving  five  times  per  min.  upon 
friction  rollers  on  which  rest  the  angle-iron  rings  that  form  the 
ends  of  the  cylinder.  The  rags  are  fed  in  at  the  upper  open  end 
of  the  cylinder,  and  after  being  well  tossed  about  by  the  spikes 
tumble  out  on  the  floor  at  the  lower  end,  the  dust  and  dirt  filing 
through  the  wire  sides.  In  some  miUs  the  rags  are  torn  to  pieces 
by  a  "  devil "  or  rough  carding  engine,  but  it  is  generallj  allowed 
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is  ran  off  by  tlie  drain  cock,  and  as  soon  as  all  the  steam  has 
escaped  the  manhole  lid  is  removed,  the  manhole  end  of  the  boiler 
turned  down,  and  the  rags  allowed  to  tumble  out  on  the  flagged 
floor.  A  few  turns  of  the  boilor,  aided  by  a  rake,  sufla.ce  to  empty 
it,  and  the  boUed  rags  are  then  placed  in  bins  shown  in  Fig.  1, 
ready  for  the  next  process.  Sometimes  clear  water  is  introduced 
after  the  spent  liquor  is  out,  and  before  the  manhole  is  opened,  and 
a  few  turns  given  to  partially  wash  the  rags  from  the  alkaline 
solution. 

There  are  many  varieties  of  rag  boilers — some  fixed  and  open  at 
top,  boning  at  atmospheric  pressure;  others  spherical,  and  others 
cylindrical  revolving  about  their  long  axis, — these  generally  use  high- 
pressui-e  steam.  There  is  not  much  difference  in  the  efficiency  of 
the  high-pressui'e  revolving  boilers,  but  the  author  prefers  the  form 
described,  as  it  takes  less  room,  and  tumbles  the  rags  about  well 
without  the  aid  of  shelves  or  spikes.  In  some  cases  a  perforated 
iron  diaphragm  is  put  in  across  the  boiler  so  as  to  let  the  rags  be 
di'ained  and  immersed  alternately,  a  manhole  being  then  provided 
at  each  end.  The  air-cock  is  made,  in  some  cases,  to  open  each  time 
it  reaches  the  highest  position,  so  as  to  let  out  any  air  that  may 
have  collected. 

Alkali  is  added  to  the  water  during  the  process,  in  different  forms 
and  proportions  according  to  the  quality  of  the  material  and  the 
paper  to  be  produced.  With  rags,  where  the  only  object  is  to 
dissolve  all  fatty  and  greasy  matter  and  get  rid  of  as  much  dye  as 
possible,  the  quantity  used  varies  from  a  few  ounces  of  lime  or 
soda-ash  to  56  lb.  of  caustic  soda  per  ton  of  rags ;  while  with  raw 
fibres,  such  as  straw  and  esparto,  4  cwt.  or  even  5  cwt.  of  soda-ash 
is  used  per  ton.  "When  the  smaller  proportion  of  alkali  is  sufficient, 
it  is  put  direct  into  the  boiler  in  the  solid  form  or  simply  dissolved 
first  in  a  bucket ;  but  when  the  larger  proportion  is  required,  it  is 
necessary  to  have  suitable  alkali-mixing  apparatus.  In  the  Ogi  mill 
it  was  thought  advisable  to  prepare  for  the  use  of  raw  fibre,  many 
varieties  of  which,  suitable  for  paper  making,  being  abundant  in 
Japan ;  and  room  was  therefore  left  for  a  fibre-boiler,  and  an  Alkali- 
m.ixing  apparatus  was  supplied.    This  is  shown  in  Fig.  1,  and  enlarged 
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in  Figs.  7  and  8,  Plate  14,  and  consists  o£  a  slieet-iron  dissolving 
vessel  Gr,  7  ft.  3  in.  diameter  and  3  ft.  3  in.  depth,  furnislaed  with 
a  revolving  agitator  working  in  a  horizontal  plane  near  the  bottom 
at  11  rev.  per  min.,  and  capable  of  being  easily  stopped  and  started. 
The  vessel  is  fitted  with  a  perforated  steam  pipe  H  running  round 
the  bottom,  with  a  wash-out  plug  and  pipe  for  letting  out  the  spent 
or  insoluble  materials,  and  with  a  descending  overflow  pipe  I 
arranged  to  slide  through  a  stuffing-box  in  the  bottom  by  means 
of  a  handwheel  and  screw.  Immediately  under  the  dissolving 
vessel  is  a  wrought-ii'on  store  tank  K,  10  ft.  by  6  ft.  and  4  ft.  deep, 
fitted  with  a  wash-out  plug  and  pipe,  and  with  a  2  in.  liquor  main 
to  the  rag  boilers,  governed  by  a  stop-cock,  the  handle  of  which  L  is 
carried  up  to  the  stage  above  the  dissolving  vessel.  The  store  tank 
rests  on  two  walls,  which  include  between  them  a  brick  spent-ash  and 
lime  tank  M,  into  which  the  spent  materials,  previously  mixed  with 
a  little  water,  are  let  down  and  allowed  to  settle.  The  clear  weak 
liquor,  which  separates  here  by  subsidence,  is  pumped  up  again  into 
the  dissolving  vessel  by  means  of  a  small  plunger  pump  N  driven  by 
fast  and  loose  pulleys ;  the  suction  pipe,  terminating  in  a  short 
length  of  flexible  pipe,  is  let  down  into  the  clear  liquor  as  far  as 
necessary  to  ensure  its  coming  off  tolerably  clear. 

Caustic  soda  (Na  H  0  new  notation)  solution  is  made  by  putting 
into  the  dissolving  vessel  the  lumps  broken  out  of  the  ii'on  drums 
in  which  it  comes  from  the  alkali  works,  turning  on  the  steam  to  boil 
the  water,  and  starting  the  agitator,  and  a  solution  of  given 
strength  is  obtained.  When  soda-ash  is  used,  that  is  impui'e 
carbonate  of  soda  (NajO  COg),  it  is  dissolved  in  the  same  way, 
after  which  freshly  burned  lime  well  screened  is  added  to  the 
solution,  till  the  carbonic  acid  of  the  soda  has  all  combined  with 
the  lime,  forming  a  precipitate  of  chalk  and  excess  of  lime,  which, 
after  a  few  hours'  standing,  collects  at  the  bottom  of  the  vessel,  and 
the  clear  solution  of  caustic  soda,  is  then  carefully  decanted  by 
means  of  the  sliding  overflow  pipe  into  the  store  tank  beneath. 
Fresh  water  is  then  added  to  the  dissolving  vessel,  it  is  boiled  up 
and  mixed  with  the  sediment  by  means  of  the  agitator,  allowed  to 
subside,   and  then   decanted  into  the  store  tank,  the   solution  in 
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wliich  is  thereby  weakened  a  little.  Water  is  again  let  into  the 
dissolving  vessel  and  the  sediment  roused  up  and  let  down  at  once 
into  the  lowest  brick  tank  where  it  again  subsides,  and  the  clear 
liquor  is  pumped  up  into  the  dissolving  vessel  to  be  used  instead 
of  fresh  water  with  the  next  charge  of  alkali.  Alkalies  are 
genei-ally  sold  according  to  the  percentage  of  caustic  soda  they 
contain,  so  that  the  paper-maker  knows  the  value  of  each  lot  of 
ash  or  caustic  he  receives ;  and  the  proportion  of  soda-ash  used  is 
regulated  by  the  percentage  of  caustic  soda  it  contains,  so  as  to 
ensure  a  constant  weight  of  caustic  soda  to  each  gallon  of  solution 
supplied  to  the  boilers,'  and  the  quantity  of  solution  is  gauged 
by  running  out  a  given  number  of  inches  from  the  store  tank 
into  the  boilers,  and  by  that  means  the  regularity  and  precision 
in  the  boiling  process  are  secui'ed  that  are  so  necessary  in  the 
manufacture  of  paper.  The  strength  of  solutions  is  also  roughly 
ascertained  by  observing  the  specific  gravity  at  a  fixed  temperature 
by  means  of  a  hydrometer.  The  proportion  of  lime  used  is  about 
90  per  cent,  of  the  weight  of  soda-ash  at  a  strength  of  50  per  cent, 
of  caustic  soda.  In  rag  mills  the  quantity  of  alkali  used  is  so  small 
that  it  does  not  pay  to  recover  it  from  the  liquor  let  out  of  the  rag 
boilers ;  but  when  raw  fibres  are  dealt  with,  the  spent  liquor  is  now 
very  generally  first  concentrated  and  then  incinerated,  and  an 
impure  carbonate  of  soda  obtained,  which  has  to  be  prepared  for 
use  exactly  like  fresh  soda-ash. 

Washing. — The  next  machines  are  the  "Washers,  by  which  the 
rags  are  opened  out  or  disintegrated,  so  that  they  may  be  thoroughly 
washed ;  the  position  of  the  washers  is  on  an  upper  floor,  as  shown 
in  Figs.  2  and  4,  Plate  12.  The  boiled  rags  are  packed  into  a  wagon 
in  suSicient  quantity  to  charge  a  washer,  and  raised  from  the  lower 
floor  by  means  of  a  hydraulic  lift,  shown  at  A  in  the  general  plan, 
Fig.  1,  worked  by  the  pressure  in  the  water  mains  ;  and  the  wagon 
is  then  run  behind  the  washers,  into  any  of  which  its  contents  can 
be  readily  emptied.  The  wagon  travels  on  a  light  tramway  of  flat 
iron  rails  fvirnished  with  turntables  where  required.  There  are  five 
washers,  shown  enlarged  in  Figs.  9  and  10,  Plate  15 ;  each  consisting 
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of  an  oval  cast-iron  tank,  10  ft.  9  in.  lengtli,  5  ft.  4  in.  width,  and 
2  ft.  1  in.  depth,  fitted  with  a  horizontal  roll  H,  2  ft.  2  in.  diameter 
and  2  ft.  4  in.  length,  revolving  160  times  per  min.  This  roll 
contains  seventeen  clumps  of  bars  or  "  knives  "  of  two  in  a  clump, 
that  run  in  very  close  proximity  to  a  plate  I  below,  that  carries 
seventeen  knives  5-16  in.  thick,  bolted  close  together,  and  set  at  an 
angle  to  the  roller-knives,  so  that  they  have  a  scissors  action  upon 
the  rags  that  pass  between  them.  These  lower  knives  are  placed  in 
an  iron  box  sliding  into  a  recess  immediately  under  the  roll ;  and  the 
bottom  of  the  tank  has  inclined  surfaces  leading  up  to  and  falling 
away  from  the  knife  roll.  The  adjustment  of  the  rolls  to  the 
stationary  knives  is  effected  by  two  side  levers  or  "lighters  "  K  K, 
one  on  each  side,  that  carry  the  bearings  of  the  roll  shaft.  One 
end  of  each  lever  works  on  a  pivot  secured  to  the  outside  of  the 
tank,  and  the  other  end  is  supported  by  an  adjusting  screw,  the  nut 
of  one  of  which  is  formed  into  a  handwheel,  by  which  the  height 
of  the  roll  is  easily  adjusted  whilst  at  work.  The  brasses  in  which 
the  shafts  run  have  a  considerable  range  of  adjustment  in  the  line 
of  the  levers,  and  are  kept  in  their  places  by  horizontal  set-screws. 
The  object  of  this  arrangement  is  to  give  the  means  of  adjusting 
the  roll  to  the  best  position  with  reference  to  the  concave  in  which 
it  works,  and  to  compensate  for  the  wear  of  the  knives.  Some 
makers  connect  the  adjusting  screws  of  the  pair  of  lighters  by  a 
cross  shaft  and  gearing,  so  as  to  make  the  rolls  rise  and  fall  without 
angling  the  shaft,  but  the  motion  is  so  small  that  adjusting  one  side 
only  appears  to  be  practically  sufficient ;  at  any  rate  paper-makers 
do  not  seem  to  set  much  store  by  the  more  complete  arrangement. 
The  roll  is  at  one  side  of  the  tank,  which  has  a  longitudinal  partition 
in  the  centre,  and  the  rotation  of  the  roll  causes  the  stuff  to 
circulate  round  the  tank. 

A  large  sand  strainer  L  is  fixed  in  the  bottom  of  the  tank,  and  a 
smaller  one  M  in  the  incline  leading  up  to  the  roll;  these  are  cast-iron 
gratings  with  about  3-16  in.  openings,  through  which  sand  and  other 
heavy  matters  gradually  find  their  way  into  recesses,  from  which  they 
arc  removed  from  time  to  time ;  but  the  rags  or  fibres,  being  of 
nearly  the  same  specific  gravity  as  the  water,  have  no  tendency  to 
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fall  througli.  The  gratings  are  lifted  from  time  to  time  when  the 
washers  are  empty,  and  the  sediment  removed ;  sometimes  this  is 
done  by  flushing  when  the  washers  are  running  full,  but  that  is  a 
bad  practice,  because  it  leads  to  a  waste  of  fibre.  A  stream  of  clear 
water  is  constantly  being  run  in  at  one  end  of  the  washer  and 
lifted  out  again  at  the  other  end,  by  means  of  a  revolving 
"  drum- washer "  or  kind  of  scoop  wheel  N,  2  ft.  diameter  and 
2  ft.  length,  shown  in  section  in  Fig.  14,  having  four  copper  scoops 
enclosed  in  a  cylinder  of  fine  bi-ass  wire  gauze  of  60  meshes  to  the 
inch.  The  scoops  deliver  the  water  at  the  centre  into  troughs  by 
which  it  is  conveyed  away.  The  drum- washer  is  driven  from  the 
roll  shaft,  and  works  in  bearings  capable  of  being  raised  or  lowered 
by  means  of  a  pair  of  racks  and  pinions,  the  latter  keyed  on  a  shaft 
common  to  both,  and  actuated  by  a  handwheel.  The  periphery  of 
the  drum-washer  moves  faster  than  the  circulating  stuff,  and  thus 
continually  disengages  itself  from  the  stuff,  which  would  otherwise 
cling  to  the  wire  gauze  and  soon  stop  its  action.  Although  fibres 
will  pass  through  an  exceedingly  fine  slit,  they  do  not  get  through 
small  square  holes,  as  in  the  wire  gauze,  and  hence  the  drum- washer 
removes  very  little,  if  any,  fibre. 

Besides  the  means  above  described  for  removing  the  washings, 
advantage  is  taken  of  the  water  thrown  up  by  the  rapid  rotation  of 
the  knife  roll,  which  is  caught  by  a  wooden  hood  0,  furnished  at  each 
end  with  frames  S  S  covered  by  fine  wire  gauze  called  "  tap-boards," 
which  intercept  the  fibre,  but  allow  the  water  to  pass  through  and 
escape  into  spouts  fitted  for  the  purpose.  When  it  is  desired  to  stop 
the  action  of  the  tap-boards,  shutters  are  interposed  between  them 
and  the  rolls,  shown  by  the  dotted  lines  P  P  in  Fig.  9.  The  water 
separated  by  the  drum-washer  and  tap-boards  falls  into  an  open 
trough  placed  beside  the  washer  on  the  floor,  and  thence  into  a 
waste-water  drain.  The  open  trough  is  used  to  facilitate  the 
inspection  of  the  water,  so  that  any  escape  of  fibre  may  be  readUy 
detected.  Each  washer  is  furnished  with  two  7  in.  valves  for  letting 
out  the  stuff  either  into  the  shoot  leading  to  the  bleach  house,  or, 
when  no  bleaching  is  required,  into  the  "beaters,"  which  are  for 
this  purpose  placed  immediately  under  the  washers.     For  washing 


May.  paper   mill.  13.5 

doAvn  and  cleansing,  a  3^  in.  waste-water  valve  and  pipe  is  fitted. 
Clean  water  is  furnislied  by  a  stand-pipe  fitted  with  a  cock  and 
spreading-pipe,  wliicb.  distributes  tlie  water  over  the  stuff  just  before 
it  passes  under  the  roll ;  a  1  in.  cock  with  hose  connection  is  also 
fitted  to  the  stand-pipe  for  the  purpose  of  washing  down.  Each 
washer  has  a  working  capacity  of  80  cub.  ft.,  and  will  hold  about 
200  lb.  of  dry  material. 

Bleaching. — After  the  rags  have  been  opened  out  and  thoroughly 
washed,  the  mass  is  technically  termed  "half-stuff,"  and  is  fit  for 
bleaching.  For  this  purpose  it  is  let  down  into  a  wooden  shoot, 
laid  at  an  incline  of  |-  in.  per  ft.,  by  pulling  up  the  7  in.  stuff- valves 
in  the  bottom  of  the  washers,  and  allowed  to  flow  into  the  Bleachino- 
Tanks  or  "  Poachers,"  which  are  shown  in  the  general  plan,  Fig.  1, 
and  enlarged  in  Figs.  15, 16,  and  17,  Plate  16 ;  they  are  of  cast-iron, 
similar  in  form  to  the  washers,  only  much  larger,  being  18  ft.  length, 
9  ft.  width,  and  4  ft.  depth,  and  each  contains  as  much  as  about 
7  washers  or  560  cub.  ft.  The  roll  P  is  5  ft.  diameter  and  4  ft.  3  in. 
width,  revolving  ten  times  per  min.,  and  it  is  fitted  with  paddles 
which  keep  the  "  half -stuff  "  in  circulation.  It  is  also  fitted  with  a 
drum- washer  R,  2  ft.  9  in.  diameter  by  3  ft.  9  in.  length,  by  means 
of  which  the  water  is  drained  out  of  the  half-stuff  until  this  is  as 
thick  as  it  can  be  got  to  circulate.  As  soon  as  this  occurs,  and  the 
poacher  has  as  much  half-stuff  as  it  will  hold,  the  drum- washer  is 
raised  clear  of  the  stuff,  and  a  certain  quantity  of  bleaching  powder 
solution  is  run  in  and  mixed  thoroughly  with  the  stuff  by  the  action 
of  the  paddles  on  the  roll.  The  proportion  of  bleach  added,  and  the 
time  of  mixing,  vary  very  much  with  the  quality  of  the  rags  or  the 
paper  to  be  produced ;  fine  white  rags,  such  as  are  used  in  making 
bank  notes,  do  not  require  any  bleach,  while  straw  takes  as  much 
as  2  cwt.  to  the  ton.  The  exposure  to  the  light  and  aii'  that  is  effected 
by  the  constant  turning  of  the  stuff  is  a  powerful  auxiliary  in  the 
bleaching  operation.  When  the  half-stuff  has  been  sufficiently  lono- 
in  the  poachers,  it  is  let  out  by  means  of  7  in.  valves  into  a  wooden 
shoot,  which  is  carried  at  an  incline  of  1  in  45  over  ten  masonry 
steeping  chests,  shown  in  Fig.  1,  each  of  sufficient  capacity  to  hold 
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the  contents  of  a  poacher.  The  bottoms  of  these  chests  ave  made 
to  slope  towards  a  central  drain  covered  with  perforated  tiles,  and 
furnished  with  an  outlet  cock  by  means  of  which  the  spent  bleach 
may  be  drawn  off.  After  .standing  some  time  in  steep,  the  half -stuff 
is  allowed  to  di'ain,  and  when  dry  enough  is  taken  out  of  the  steeping 
chests  and  heaped  up  in  bins,  which  are  also  furnished  with  drains 
covered  with  perforated  tiles,  and  it  is  allowed  to  gain  additional 
colour  by  exposure  to  the  atmosphere.  The  partially  spent  bleach 
is  collected  from  all  the  tanks  and  bins  into  a  masonry  well  under 
the  poachers,  and  pumped  up  thence  by  a  small  plunger  pump  into 
the  poachers,  where  it  serves  to  displace  some  of  the  water  let 
down  with  the  half -stuff  from  the  washers,  and  expends  its  feeble 
remaining  bleaching  powers  on  the  fresh  stuff. 

The  Bleach-mixing  apparatus  is  shown  in  Figs.  1  and  2,  and 
enlarged  in  Figs.  18  and  10,  Plale  17,  and  consists  of  a  cast-iron 
dissolving  tank  0,  6  ft.  diameter  and  4  ft.  depth,  fixed  4  ft.  above  the 
ground,  and  fitted  with  a  revolving  agitator.  The  bleaching 
powder  (CaO  CljO  +  CaClg  2CaO)  solution  is  prepared  by  filling 
the  tank  half  full  of  clean  water,  and  tlu'owing  in  about  630  lbs. 
of  powder ;  the  agitator  is  then  started  and  the  tank  filled  up  with 
water.  After  about  thi'ee  hours'  mixing,  the  solution  is  left  to 
stand  twelve  hours,  and  the  clear  liquor,  which  then  indicates  11°  of 
Twaddle's  hydrometer,  is  pumped  up  into  the  store  tanks  P  P,  which 
are  two  cast-iron  tanks  6  ft.  8  in.  square  and  3  ft.  4  in.  depth,  fixed 
on  brick  walls  at  a  height  of  18  ft.  6  in.  from  the  ground.  The 
clear  liquor  is  pumped  out  from  the  dissolving  tank  by  a  small 
plunger  pump  R,  with  a  2|  in.  suction  pipe  inserted  15  in.  above  the 
bottom,  and  fitted  vrith  a  short  flexible  hose,  having  a  bib  end  S 
supported  inside  the  tank  by  a  gutta-percha  cord  and  balance  weight, 
to  adjust  the  depth  from  which  the  liquor  can  be  di-awn  off  clear. 
The  tank  is  then  half  filled  again  with  water,  and  525  lbs.  of 
bleaching  powder  added,  the  agitator  worked  again  for  three  hours 
and  the  tank  filled  up,  and  when  thoroughly  mixed  allowed  to 
settle  eighteen  hours;  the  resulting  clear  solution,  which  again 
indicates  11°  of  the  hydrometer,  is  pumped  up  as  before  into  the 
Btoro  tanks.     The  dissolving  tank  is  again  half  filled  with  water, 
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the  agitator  worked  for  lialf  an  hour,  and  the  whole  contents  are 
then  discharged  by  an  outlet  valve  into  one  of  the  two  spent-bleach 
tanks  T  T  under  the  store  tanks.  A  clear  liquor  of  3°  strength  is 
there  separated,  which  is  pumped  up  into  the.  store  tanks,  and 
thereby  reduces  the  strength  of  solution  in  them  to  8°,  at  which  it  is 
generally  used ;  the  actual  proportion  of  bleaching  powder  .in  the 
solution  is  1151  lb.  in  1736  gall,  of  water,  or  0"66  lb.  per  gall.,  and 
any  given  weight  of  bleaching  powder  can  therefore  be  readily 
measured  into  the  poachers  by  calculating  the  number  of  pounds 
corresponding  to  each  inch  depth  of  the  store  tanks.  The  spent 
powder,  when  drained  of  all  the  liquor,  is  dug  out  of  the  bins  and 
thrown  away.  The  strength  at  which  bleach  solutions  are  used 
varies  as  much  as  from  5°  to  12°  Twaddle  ;  about  4  lb.  of  bleachinsr 
powder  per  cwt.  of  fine  i"ags,  and  6  lb.  for  coarse  rags,  is  a  common 
allowance.  The  powder  is  supplied  in  casks  of  5  cwt.  each,  of 
different  qualities  according  to  ihe  percentage  of  chlorine,  the 
usual  strength  being  36  per  cent. 

The  clear  bleach-liquor  is  carried  from  the  store  tanks  by  2  in. 
lead  pipes  fitted  with  lead  valves  UU,  and  discharging  into  the 
bleach  gauge-tank  C,  Figs.  1  and  2,  placed  in  the  wall  behind  the 
poachers  and  at  a  height  to  command  them.  This  tank  is  of  cast- 
iron,  3  ft.  11  in.  square  and  3  ft.  7  in.  depth ;  it  is  fitted  with  a  2  in. 
branch  and  hose  for  running  the  bleach  into  the  poachers,  and  is 
used  for  measuring  the  quantity  so  run  in.  A  f  in.  lead  pipe  is 
carried  from  the  bleach  main  to  the  beater  stage,  for  the  pui'pose  of 
supplying  a  little  bleach  to  the  beaters  when  it  is  necessary  to 
bring  up  the  colour  of  the  stu£. 

Beaters. — The  bleached  half-stuff,  after  having  been  thoroughly 
drained  in  the  bins  and  brought  to  a  proper  colour,  is  packed  in 
wooden  wagons  of  the  proper  capacity  to  charge  one  beater,  and  is 
run  along  a  tramway  to  the  hydraulic  lift  B  that  raises  it  to  the 
Beaters,  which  stand  directly  below  the  washers,  as  shown  in 
Figs.  11,  12,  and  13,  Plate  15.  They  are  the  same  in  form  and 
dimensions  as  the  washers  before  described,  excepting  that  the 
clumps  of  blades  in  the  roll  T  have  three  instead  of  two  knives  each, 
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and  the  bottom  plate  lias  twenty-four  knives  j  in.  thick ;  also  the 
sand  strainers  at  the  bottom  and  the  drum-washers  are  omitted, 
and  the  hoods  are  supplied  with  only  one  tap-board  instead  of 
two.  The  beatere  are  driven  rather  fa.ster  than  the  washers, 
and  ran  at  180  rev.  per  min.  The  oflB.ce  of  the  beaters  is  to 
reduce  the  half-stuff  to  the  proper  state  for  making  the  required 
quality  of  paper,  and  in  doing  this  lies  the  main  art  of  the 
paper-maker.  The  time  necessary  for  beating  a  charge  varies 
from  two  to  nine  hours,  according  to  the  natui'e  of  the  fibre 
required  in  the  paper,  three  to  three  and  a  half  hours  being  the 
usual  time.  If  the  fibre  is  to  be  short  and  coarse,  the  roll  is  let 
quickly  down  on  the  plates  and  a  rapid  cutting  action  takes  place ; 
but  if  a  long  fine  fibre  is  required,  the  roll  is  let  down  very  steadily 
and  with  great  care,  so  that  the  fibres  of  the  material  are,  as  it  were, 
rubbed  asunder  and  split  longitudinally  instead  of  being  cut.  The 
half- stuff  when  placed  in  the  beaters  is  generally  in  a  nearly  neutral 
state,  but  if  it  is  found  to  show  traces  of  bleach,  it  is  washed'  whilst 
being  worked  by  means  of  the  tap-board  S,  and  a  stream  of  clear 
water  admitted  from  a  1  in.  cock,  branching  from  the  same 
stand-posts  that  supply  the  washers.  To  hasten  the  killing  of  the 
bleach  a  solution  of  hyposulphite  of  soda  (Na^  S^  O3)  is  often  used. 
It  is  also  while  the  stuff  is  in  the  beaters  that  resin-size  and  colour 
are  added,  when  required  by  the  nature  of  the  paper  to  be 
manufactured ;  and  there  too  any  adulterating  materials,  such  as 
starch  and  china  clay,  are  applied.  The  finished  stuff  is  discharged 
by  valves  in  the  bottom  of  the  beaters  into  either  of  two  separate 
wood  shoots,  laid  at  a  slope  of  I  in.  p&l*  foot,  which  convey  it  to  either 
of  two  stuff  chests  placed  at  one  end  of  the  machine  room.  The 
object  of  this  double  arrangement  is  to  allow  two  different  qualities 
or  colours  of  stuff  to  be  prepared  at  the  same  time  in  different  beaters, 
ready  for  the  supply  of  the  paper-making  machine  when  changed 
from  one  sort  of  paper  to  another,  the  white  and  the  coloured  stuff 
having  to  be  conveyed  separately  in  different  shoots. 

Size  Mailing. — The  preparation  of  the  vegetable  size  is  a  very 
important  process ;  the  position  of  the  apparatus  for  this  purpose, 
and  of  the  tubs  for  mixing  the  lime-water  and  colours,  is  shown  in 
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the  general  plan,  Fig.  1.  The  Size-making  Apparatus  consists  of 
a  cast-iron  pot,  3  ft.  6  in.  diameter  and  3  ft.  3  in.*&epth,  holding 
170  gall.,  fitted  with  a  1  in.  steam  coil,  and  fixed  high  enough  to 
command  three  covered  store  tanks  of  wood  lined  with  lead,  and 
fitted  with  covers  to  keep  out  dust  and  fragments  of  the  materials 
used  in  the  process.  Lime-water  is  prepared  in  one  of  two 
pairs  of  wood  tubs,  by  mixing  one  part  of  fresh  slacked  and 
screened  lime  with  eight  parts  of  cold  water,  and  allowing  the 
mixture  to  stand  about  eight  houi's,  till  a  perfectly  clear  liquor 
separates,  and  can  be  di'awn  ofi  by  a  cock  placed  at  a  proper  height 
in  the  tub ;  24  gall,  of  this  lime-water  is  run  into  the  ii'on  mixing 
pot.  To  this  is  added  70  lb.  of  soda  crystals  (NagO  COg  10  Aq), 
and  heated  by  means  of  the  perforated  coU  of  steam  pipe  until 
fully  dissolved;  then  168  lb.  of  powdered  rosin  is  put  in,  and  the 
boiling  kept  up  with  gentle  stiiTing  for  seven  hours,  during  which 
time  30  lb.  of  rice  flour,  and  half -pint  of  neatsfoot  oil  are  added. 
^Vhen  the  whole  is  thoroughly  dissolved  and  blended,  the  pot  is  filled 
up  with  water,  and  the  heating  and  stirring  continued  till  a  perfectly 
even  light  yellow  fluid  is  obtained,  which  is  then  run  into  the  store 
tanks  for  the  supply  of  the  beaters,  to  each  charge  of  which  about 
ten  pints  of  size  are  used.  If  size  is  imperfectly  made,  it  is  apt  to 
stain  the  paper  and  do  a  great  deal  of  mischief.  Colours  for  the 
most  part  are  obtained  ready  for  use,  and  are  simply  added  by 
weight  or  measure  to  the  beaters.  Sulphux'ic  acid  is  used  in  the 
washers,  poachers,  and  beaters  to  discharge  colour  or  neutralize 
alkali. 

Pwper-maTxing  Machine. — The  stuff  prepared  as  has  been  described 
is  now  ready  to  be  made  into  sheets  in  the  Paper-making  Machine, 
shown  in  the  general  plan,  Fig.  1,  and  an  enlai'ged  elevation 
and  plan  in  Figs.  20  and  21,  Plate  18.  The  actual  conversion  of 
the  pulp  into  sheets  of  paper  comprises  the  following  series  of 
processes — straining,  knotting,  paper-making,  pressing,  di'ying, 
glazing,  cutting,  sorting,  polishing,  and  packing. 

Strainer. — The  two  chests  that  receive  the  stuff  from  the  beaters 
are   shown   in   Figs.    20   and   21 ;   they   are   12  ft.  diameter  and 
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5  ft.  6  in.  depth,  and  are  fitted  -witli  revolving  wood  agitator.s,  which 
are  so  arranged  that  at  each  revolution  they  cut  through  nearly  the 
whole  of  the  contents  of  the  chests,  thus  keeping  the  stuff  at  a 
uniform  density.  They  run  at  7  rev.  per  min.,  and  are  driven 
overhead  by  bevil  gearing  from  a  cross  shaft  common  to  the 
two  chests ;  special  precautions  being  adopted  to  prevent  dirt  or 
gi-ease  getting  into  the  stuff.  The  chests  are  raised  15  in.  above  the 
floor  level  for  the  convenience  of  leading  out  the  4  in.  pipes  which 
connect  them  to  the  stuif  pump  ;  the  outlets  of  the  pipes  are  guarded 
by  fan  regulators,  working  level  with  the  bottom  of  the  chests.  The 
stuff  is  di-awn  out  by  a  pump  of  the  bellows  ty|De,  having  a  13  in.  barrel 
covered  by  a  raw  hide  diaphi-agm,  and  actuated  by  a  crank  of 
variable  thi-ow,  working  at  60  double  strokes  per  min.,  the  stroke 
being  only  from  1^  to  2  in. ;  the  valves  are  of  the  fish-mouthed 
kind  made  of  india-rubber.  The  pump  delivers  into  a  small  iron 
regulating  cistern  on  the  top  of  the  rising  main,  which  is  also 
furnished  with  a  lai'ge  air  vessel ;  and  an  overflow  notch  12  in.  wide 
near  the  top  of  the  cistern  discharges  the  sui-plus  stuff  back  into 
either  of  the  chests.  The  pump  is  adjusted  in  length  of  stroke  so 
as  always  to  raise  a  greater  quantity  than  is  consumed  by  the  paper- 
making  machine,  into  which  the  stuff  flows  from  the  regulating 
cistern  through  a  V  shaped  opening  that  is  closed  by  an  inverted 
V  shaped  sluice,  so  that  a  uniformly  square  opening  is  always 
maintained,  whatever  may  be  the  size  to  which  it  is  adjusted.  This 
sluice  is  actuated  by  a  fine  pitched  screw  and  handwheel,  and  serves 
to  regulate  the  flow  of  stuff  on  to  the  machine.  The  object  of  the  above 
arrangement  is  to  insui'e  an  absolutely  uniform  flow  of  the  stuff,  which 
is  of  special  importance  for  obtaining  unifonnity  in  the  continuous 
sheet  of  paper  manufactui'ed  from  it,  by  maintaining  a  unifoito  head 
for  the  flow  from  the  cistern,  whatever  variation  of  level  there  may  be 
in  the  contents  of  the  chest.  In  order  to  reduce  to  a  minimum  the 
chance  of  sand  or  other  hard  matters  getting  into  the  machine,  where 
they  would  do  gi'eat  mischief,  the  stuff  in  passing  from  the  regulating 
cistern  flows  over  a  large  strainer,  consisting  of  a  shallow  wood 
tray,  13  ft.  length  and  3  ft.  width  and  0  in.  depth,  placed  at  a  slight 
inclination,   and   fitted  with  a    frame  containing  about  fifty    little 
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weirs,  over  which  the  stuff  flows,  depositing,  iu  the  eddies  formed, 
any  gritty  matters  or  knots  that  may  have  escaped  the  sand  strainers 
in  the  rag  engines.  This  strainer  is  easily  cleaned  by  raising  the 
frame  and  flushing  the  tray  when  the  machine  is  being  washed 
down,  and  it  is  surprising  what  a  large  quantity  of  sand  is  caught 
in  the  upper  part  of  this  apparatus. 

Knoiters. — The  stream  of  stuff  in  passing  to  the  strainer  is  mixed 
with  a  large  stream  of  water  delivered  from  the  back-water  pump 
of  the  machine,  and  flows  thence  into  two  Knotters,  by  which 
a  fui'ther  separation  takes  place,  not  only  of  knots  and  impurities, 
but  also  of  strings  of  matted  fibre,  or  fibre  not  ground  fine  enough. 
These  knotters  are  shown  in  Figs.  20  and  21,  and  enlarged  in 
Figs.  22,  23,  and  24,  Plate  19.  They  are  composed  each  of  a  set 
of  three  brass  plates  L,  1  in.  thick,  perforated  with  numerous  very 
fine  slits,  the  widths  of  which  are  designated  by  a  series  of  letters 
and  numbers,  and  vary  with  the  class  of  paper  to  be  made ; 
the  manufacture  of  these  plates  requii'es  special  machinery,  and 
is  confined  to  two  or  three  makers.  The  perforated  plates  L  form 
the  bottom  of  a  shallow  brass  box,  5  ft.  3  in.  length,  and  2  ft.  2  in. 
width,  and  7  in.  depth,  below  which  is  a  diaphragm  M,  of  \  in.  india- 
rubber,  fixed  round  the  margin  and  connected  by  vertical  rods  N  N 
to  two  levers  worked  by  eccentrics  below,  the  speed  of  which  is 
regulated  by  driving  cones  to  fi'om  90  to  160  strokes  per  min., 
giving  a  stroke  of  9-1 6th  inch  to  the  india-rubber  diaphragm.  The 
perforated  plates  are  fitted  into  a  rebate  in  the  bottom  of  the  brass 
frame,  and  this  fits  loosely  into  a  cast-iron  frame  to  which  it  is 
connected  by  ten  bolts  that  draw  it  down  upon  the  frame  carrying 
the  india-rubber  diaphragm.  The  india-rubber  is  held  up  to  its 
frame  by  a  washer-frame  and  numerous  bolts,  and  the  middle  part  of 
the  diaphragm  is  supported  by  a  fixed  wood  cross-bearer  0,  to  which 
it  is  securely  held  by  a  dished  brass  washer-plate  screwed  on  above. 
Each  half  of  the  diaphragm  is  supported  by  a  block  of  wood  secured 
to  the  under  side,  and  attached  to  the  pair  of  connecting-rods  NN  by 
which  motion  is  given  to  the  diaphragm ;  these  connecting-rods 
are   actuated  by   eccentrics,    which   have   a   stroke  of    f  in.  that 


142  PAPER  MILL.  Mat. 

is  reduced  by  levers  to  9-lt3tli  in.  motion  of  the  diapkragm.  A 
5  in.  discharge  pipe  passes  down  through  the  JBxed  centre  cross- 
bearer,  and  is  carried  through  the  side  of  a  distributing  vat  P, 
in  which  it  turns  up  again,  ending  in  a  sliding  bell-mouth  R  that 
is  at  a  level  of  one  or  two  inches  lower  than  the  knotter  plates. 
The  propelling  power  for  the  stream  of  stuff  is  the  difference 
of  level  between  the  mouth  of  this  pipe  and  the  stuff  in  the 
knottei*s,  which  is  made  to  cover  the  perforated  plates  about  ^  in. 
deep ;  and  therefore  by  altering  the  level  of  the  sliding  bell-mouth 
the  rate  at  which  the  knotter  passes  the  stuff  can  be  accurately 
regulated.  The  pumping  action  of  the  diaphragm  has  the  same 
effect  as  the  jai-ring  motion  in  use  ui  the  common  rapping  knotters, 
but  it  has  the  advantage  of  being  quite  silent  La  its  action,  and 
therefore  much  more  durable.  Such  fibres  and  impurities  as 
cannot  get  thi'ough  the  slits  are  scraped  off  from  time  to  time  by 
the  attendant,  and  these  are  worked  up  afterwards  into  inferior 
papers. 

When  coarse  papers  are  being  made  the  knotters  are  frequently 
not  xised  at  all,  the  stuff  being  run  direct  into  the  distributing  vat  P. 
This  is  a  cast-iron  trough,  7  ft.  length,  2  ft.  width,  and  3  ft.  depth, 
having  a  semi-cylindi'ical  bottom,  with  a  horizontal  paddle  or 
agitator  S  running  close  to  it  at  one-tenth  the  speed  of  the  knotters, 
from  the  shaft  of  which  it  is  driven  by  a  light  belt.  The  stuff  is 
discharged  by  an  overflow  lip  6  ft.  wide,  into  the  distributing  box  T 
of  the  shake-fi'ame ;  a  vertical  partition  in  the  trough  compels  all 
the  stuff  to  pass  under  the  agitator,  and  prevents  the  passage  of 
any  froth  that  may  be  caused  by  the  knotters. 

Shake-Frame. — The  stuff  has  now  reached  the  Shake-Frame 
on  which  the  paper  is  made  ;  a  longitudinal  section  of  this  is  shown 
in  Fig.  25,  Plate  20,  and  transverse  sections  in  Figs.  26  and 
27,  Plate  21.  The  paper  is  made  upon  a  travelling  web  A  of 
fine  wire  gauze,  about  GO  meshes  per  in.,  forming  a  bed  8  ft.  length 
and  6  ft.  6  in.  width,  upon  which  the  stuff  flows  from  the  distributing 
box  at  the  rear  end,  and  the  distribution  of  this  stuff  in  a  uniform 
thin  layer  is  obtained  by  means  of  a  transverse  shake  motion  that 
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is  given  to  the  whole  frame,  carrying  the  wire  web  and  connected 
apparatus.  This  frame  consists  of  a  paii-  of  independent  longitudinal 
cast-iron  girders,  carried  at  the  rear  end  by  a  pair  of  vertical 
pillars  B  having  ball-and-socket  joints,  and  centred  at  the  other 
end  upon  a  pair  of  stationary  ball-and-socket  joints ;  a  rapid 
transverse  shake  is  given  to  the  rear  end  by  a  horizontal  connecting- 
rod  from  a  bell-ci'ank  lever  C,  shown  in  Figs.  28  and  29,  that  moves 
the  frame  about  3-1 6th  inch,  at  a  speed  of  from  90  to  150  double 
strokes  per  min.  This  speed  is  adjusted  by  a  pair  of  driving  cones, 
on  which  the  belt  is  traversed  by  means  of  a  screw  and  handwheel. 
The  ball-and-socket  joints  of  the  vertical  pillars  are  made  with 
spherical-headed  screws,  capable  of  being  raised  or  lowered  to  the 
extent  of  3  or  4  in.,  and  the  horizontal  connecting-rod  is  also  fitted 
with  ball-and-socket  joints  ;  the  object  of  this  arrangement  is  to 
admit  of  the  rear  end  of  the  shake-frame  being  raised  or  lowered  to 
suit  the  quality  of  paper. 

The  wii'e  -web  is  an  endless  band  stretched  over  a  roller  at 
each  end,  and  kept  tight  by  guide  rollers  below  in  sliding  bearings, 
secured  by  pinching  screws,  one  roller  having  its  bearings-  adjusted 
by  a  screw  movement  for  putting  a  greater  strain  on  the  wire  than 
could  be  done  by  hand.  At  the  rear  end  the  wire  web  passes 
over  a  brass  "  breast-roll"  D,  12  in.  diameter,  jacketed  with  felt, 
and  it  is  supported  throughout  a  length  of  8  ft.  by  a  series  of 
forty-eight  small  rolls  If  in.  diameter.  The  distributing  box  at 
the  rear  end  is  fitted  with  an  india-rubber  apron  that  laps  over 
the  wire  web  to  prevent  the  escape  of  stuff,  and  the  stream  of  stuff 
is  enclosed  at  the  sides  by  two  "  deckle-bands "  E  E,  which  are 
endless  india-rubber  bands,  1|  in.  wide,  1|-  in.  thick,  and  20  ft. 
length,  stretched  over  flanged  pulleys  that  are  carried  in  brass  frames 
which  are  threaded  on  two  transverse  bars,  that  have  vertical  screw 
adjustments  upon  pillars  fixed  in  the  side  girders.  Each  deckle- 
band  is  tightened  by  passing  over  a  pair  of  pulleys  carried  on  the 
two  arms  of  a  bell-crank,  which  can  be  clamped  in  any  position. 
The  deckle-frames  are  kept  in  any  desired  position  on  the  tranverse 
bars  by  pinching  screws,  and  press  down  the  deckle-bands  close 
upon  the  wire,  thus  determining  the   width  of  the  sheet  of  paper  by 
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forming  the  latei'al  margins  of  the  mould  in  which  the  paper  is 
made.  The  stufB  is  guided  laterally  on  to  the  wire  web  by  a  brass 
elbow-plate  at  each  side,  and  the  apron  of  the  distributing  box  is 
adjusted  to  the  width  of  paper  by  rolling  up  the  sides  on  these 
elbow-plates.  The  elbow-plates  are  bolted  by  one  end  to  the  deckle, 
frames,  while  the  other  ends  slide  through  sockets  in  the  disti'ibuting 
box,  and  serve  to  regulate  the  width  of  its  opening  to  that  of  the 
deckles.  A  pair  of  "  slices  "  or  thin  transverse  brass  strips  are  fixed 
in  the  deckle-frames,  with  a  vertical  adjustment  by  means  of  which 
they  can  be  brought  within  any  requii'ed  distance  of  the  wire  web 
to  equalise  the  depth  of  stuff  all  over  it.  The  water  draining  through 
the  wire  is  caught  in  a  zinc  pan  or  "  save-all,"  and  is  returned  to 
the  strainer  by  a  centi'ifugal  back-water  pump.  The  wire  is  washed 
continually  by  thi-ee  perforated  pipes  on  its  return  below  the  table,  and 
the  deckle-bands  have  also  a  stream  of  water  constantly  playing  on 
them  near  the  pair  of  tightening  rollers,  the  water  being  caught  by 
copper  troughs  and  escaping  tkrough  india-rubber  waste  pipes 
into  the  drain  under  the  machine.  On  leaving  the  table  the  wire 
web  passes  over  two  3^  in.  brass  rollers,  between  which  the  standards 
carrying  the  pulley  shaft  for  the  deckle-bands  are  fixed ;  the  bearings 
are  capable  of  vertical  adjustment  by  means  of  screws,  and  the 
pulleys  can  be  clamped  on  their  shaft  at  distances  corresponding  to 
the  width  of  the  deckle-frames. 

As  the  .sheet  of  paper  passes  forward  on  the  wire  web,  it  is 
carried  over  two  vacuum  boxes  FF,  Figs.  25  and  26,  which  are 
strong  wood  boxes,  6  in.  width  and  4^  in.  depth,  having  a  1^  in.  drain 
pipe  with  a  regulating  cock  carried  dovra  from  each  to  some  depth 
below  the  floor  level,  and  a  small  stream  of  water  is  supplied  by  a 
i  in.  cock  to  each  end  of  the  boxes  and  escapes  down  the  drain  pipe ; 
the  effect  of  this  arrangement  is  to  keep  up  a  suction  under  the  film 
of  paper  as  it  is  carried  by  the  wire  over  the  boxes  that  drains  it  of 
a  good  deal  of  water,  and  at  the  same  time  greatly  consolidates  it. 
The  vacuum  boxes  are  so  fixed  to  the  side  frames  that  they  can  be 
adjusted  vertically;  and  they  are  made  with  false  ends  capable  of 
being  moved  along  the  boxes  by  screws,  so  that  they  may  be  placed 
immediately  under  the  margins  of  the  sheet  of  paper  on  the  wire.   A 
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dandy  roll  G  about  10  in.  diameter  is  placed  above,  between  the 
vacuum  boxes,  for  the  purpose  of  impressing  any  pattern  or  water 
mark  upon  the  paper ;  it  is  di'iven  by  the  wire  upon  which  it  is  made 
to  press,  and  is  kept  clean  by  a  cross-board  and  felt  for  brushing  the 
roll ;  the  roll  is  formed  of  wire- work  with  the  devices  worked  in 
relief  upon  it. 

The  paper  then  passes  between  the  "couch"  rolls  H  H,  the  upper 
one  18  in.  and  the  lower  one  12  in.  diameter,  which  consolidate  it 
by  pressure,  the  upper  roU  having  sliding  bearings  pressed  down  by 
weighted  levers;  these  rolls  are  of  brass,  jacketed  with  felt,  and 
the  upper  roll  is  scraped  by  a  wood  scraper  covered  with  felt,  and 
is  continually  watered  along  its  whole  length  by  a  perforated  pipe 
near  the  junction  of  the  two  rolls.  The  endless  wire  web  passes 
over  the  lower  couch  roll  in  returning  to  the  rear  of  the  machine, 
and  it  is  driven  by  this  roll,  which  can  be  instantly  disconnected 
from  the  engine  if  required.  The  web  is  supported  behind  the 
couch  roUs  by  a  guide  roller,  which  has  a  sliding  bearing  at  one  end, 
with  a  transverse  motion  of  about  2|  in.  by  means  of  a  screw  and 
handwheel,  for  the  purpose  of  checking  any  tendency  of  the  web 
to  run  to  either  side  by  setting  the  roller  slightly  out  of  square 
with  the  line  of  motion  of  the  web.  All  the  portions  of  the 
machine  from  the  end  of  the  shake  frame,  and  including  the 
forward  bights  of  the  deckle-bands,  are  carried  by  a  pair  of  cast- 
iron  frames,  which  are  securely  bolted  to  two  sets  of  cast-iron 
bed-plates  that  run  the  whole  remaining  length  of  the  machine. 

Pressing. — The  newly  formed  sheet  of  paper,  consolidated  by  the 
pressure  of  the  couch  rolls,  sticks  to  the  felt  of  the  upper  roll,  and 
is  caught  hold  of  by  the  attendant  at  one  corner  and  peeled  off 
the  roll  by  being  held  whilst  the  roll  revolves ;  and  it  is  then 
passed  over  a  light  wood  roll  on  to  a  travelling  band  of  felt 
30  ft.  length,  which  carries  it  through  the  first  pair  of  press  rolls 
.shown  in  Figs.  20  and  21,  Plate  18;  the  felt  is  carried  over 
numerous  wood  rollers,  with  suitable  rack  stretching-rolls  and 
guide-rolls.  The  press  rolls  are  of  cast-iron,  14  in.  diameter, 
the  bearings  of  the  upper  one  working  in  vertical  guides  and 
pressed   down  by  heavily  loaded    levers,  giving   a  total  pressure 
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including  the  top  roll  of  nearly  2|  tons,  or  at  the  rate  of 
68  lb.  per  inch  width  of  the  paper,  the  total  pressure  being 
varied  according  to  the  width  of  paper  made.  The  rolls 
work  in  brasses  set  in  strong  cast-iron  frames  of  such  a  form 
that  the  felt  can  readily  be  got  out  without  taking  out  the 
rolls,  and  to  facilitate  this,  provision  is  made  for  raising  and 
keeping  up  the  top  roll.  The  paper  in  passing  through  sticks  to 
the  top  roll  and  is  peeled  olf  as  before,  and  then  led  over  wood 
rollers  down  on  to  the  travelling  felt  again,  by  which  it  is  carried 
below  a  second  pair  of  press  rolls  similar  to  the  first  pair.  The 
paper  is  there  lifted  off  the  first  travelling  felt  and  transferred  to 
a  second  one,  by  which  it  is  carried  through  the  second  pair  of 
rolls,  but  in  the  reverse  direction,  the  side  of  the  sheet  that  had 
previously  been  turned  down  being  now  turned  up,  and  presented 
to  the  naked  surface  of  the  top  roll,  whilst  the  other  side  rests  on 
the  second  travelling  felt  which  is  14  ft.  length.  The  press 
rollers  are  provided  with  scrapers  or  "  doctors,"  with  troughs 
underneath  to  carry  off  any  water  and  to  catch  the  du't  that  falls 
off;  and  they  are  frequently,  especially  where  highly-sized  papers 
are  made,  also  fitted  with  "soap  doctors"  or  troughs  filled  with 
a  solution  of  soap  to  prevent  the  paper  sticking  too  tightly  to 
the  rolls.  The  lower  rolls  in  both  cases  are  driven  by  the  engine, 
and  can  be  instantly  thrown  out  of  gear  by  clutches ;  the  top  rolls 
are  driven  by  contact  with  them.  It  is  very  important  for  the 
rolls  to  be  true  and  to  bear  equally  throughout,  to  prevent  the 
paper  coming  away  unequally  damp  or  pressed.  The  first  travelling 
felt  gets  by  degrees  impregnated  with  pulp,  or  rather  with  size  or 
china  clay  &c.,  and  provision  is  made  in  the  standards  that  carry 
the  press  rolls  for  removing  it  for  the  purpose  of  a  thorough 
washing  without  requiring  tlie  rolls  to  be  taken  out ;  but  to  avoid 
the  necessity  for  this  tedious  process  as  much  as  possible,  a  partial 
washing  is  effected  by  a  revolving  beater  with  a  couple  of  arms 
driven  at  a  high  speed  under  the  felt;  this  beater  thrashes  the 
felt  whilst  a  stream  of  water  is  made  to  play  over  it,  and  by  this 
means  a  good  deal  of  dirt  is  got  rid  of.  The  water  from  the 
"  save-all "  under  the  tube  table,  which  contains  a  little  fibre  and  a 
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good  deal  of  colonring  matter  and  size,  is  disctarged  by  a  wood  shoot 
into  a  small  iron  cistern  fitted  witli  a  self-acting  float  and  connected 
to  tlie  back-water  centrifugal  pump,  wbich  delivers  tbe  water  on 
to  the  sand  strainer  as  previously  named.  The  self-acting  float 
prevents  the  pump  drawing  air  if  the  supply  of  water  becomes 
deficient  at  any  time ;  but  there  is  also  a  slide-valve  actuated  from 
the  hand-side  of  the  machine  for  throttling  the  suction  pipe  so  as 
to  vary  the  quantity  of  back-water  returned  at  pleasure.  An 
overfiow  lip  in  the  pump  cistern  permits  the  sm'plus  water  to  run 
off  into  the  drain. 

Drying. — The  paper  is  then  candied  forward  to  the  Drying 
Cylinders,  shovm  in  Figs.  20  and  21,  Plate  18,  and  enlarged  in 
Figs.  30  and  31,  Plate  22.  These  consist  of  five  pairs  of  cast-iron 
cylinders,  3  ft.  4  in.  diameter  and  6  ft.  6  in.  length,  with  wrought- 
iron  ends  riveted  in,  and  fitted  upon  hollow  cast-ii'on  shafts  A  A 
revolving  in  bearings  that  have  vertical  screw  adjustments  for 
taking  up  the  wear.  Steam  of  5  to  10  lbs.  pressm'e  is  admitted 
into  each  cylinder  through  a  stuffing-box  at  one  end  of  the 
hollow  shaft,  and  the  condensed  water  is  taken  up  by  a  paii'  of 
scoops  B  B  inside  the  cylinder,  and  delivered  through  the  opposite 
end  of  the  shaft  into  a  self-acting  water  trap  C,  connected  with 
a  hot-water  cistern  near  the  engine.  The  cylinders  are  geared 
together  by  spurwheels  on  the  ends  of  the  shafts  and  intermediate 
pinions.  The  upper  rolls  are  unclothed,  but  the  lower  ones  have  each 
an  endless  felt  D  D  of  20  ft.  length,  embracing  about  three  quarters 
of  its  circumference,  and  carried  by  five  wrought-iron  rollers,  the 
two  upper  of  which  have  a  rack  adjustment  for  stretching  the 
felt,  one  of  the  two  having  also  a  finer  screw  adjustment ;  the  lower 
central  one  is  a  guide  roller  with  a  lateral  screw  adjustment  at  one 
end.  The  sheet  of  paper  delivered  from  the  preceding  press  rolls, 
the  end  having  been  torn  off  at  an  acute  angle,  is  taken  by  the  leading 
comer,  passed  over  a  brass  guide  roller  E  at  the  side,  and  dropped 
between  the  felt  and  the  first  lower  cylinder,  under  which  the  paper 
is  carried,  rising  up  at  the  other  side,  whence  it  is  carried  round  the 
upper  cyUnder,  to  which  it  adheres  and  round  which  it  is  carried ; 
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the  paper  is  tlicn  led  off  by  a  pair  of  guide  rolls  to  the  second  pair 
of  di'ying  cylinders,  round  wliicli  it  passes  in  a  similar  manner, 
and  again  each  of  the  three  succeeding  pairs  of  cylinders,  when  the 
polishing  rolls  or  "  calenders  "  are  reached. 

Calenders. — There  are  two  pairs  of  Calenders,  as  shown  in 
Figs.  20  and  21,  Plate  18,  composed  each  of  two  hollow  cast-iron 
rolls,  14  in.  diameter  and  6  ft.  6  in.  length,  fitted  with  steam  heating 
pipes  and  condensed  water  syphons  very  similar  to  the  drying 
cylinders.  The  rolls  run  in  bearings  in  massive  cast-iron  standards, 
and  the  upper  rolls  have  sliding  bearings  held  down  by  heavily 
loaded  levers,  giving  a  pressure  upon  the  roll  nearly  the  same  as  in 
the  previous  press  rolls ;  the  upper  rolls  are  driven  only  by 
contact  with  the  lower  ones,  which  are  driven  by  the  engine. 
The  paper  is  generally  led  over  the  top  roll,  back  between  the 
rolls,  and  out  under  the  lower  one  of  the  first  calender,  and  then 
if  required  it  is  led  through  the  second  calender,  after  which  the 
sheet  is  finished  and  is  ready  for  the  cutting  machine.  The  standards 
and  frames  of  all  the  successive  portions  of  the  paper-making 
machine  are  fixed  upon  the  continuous  bed  plates  previously 
named,  and  secured  by  tee-headed  bolts  catching  under  a  slot  cast 
from  end  to  end  of  the  bed  plates.  Underneath  the  whole  length 
of  the  machine  is  a  pit  which  gives  access  to  the  several  parts,  and 
forms  a  drain  under  the  wet  end.  A  2  in.  water  main  runs  along 
the  floor  on  the  hand-side,  and  supplies  branches  controlled  by 
cocks  for  all  the  services  mentioned ;  and  a  steam  pipe  is  canned 
in  the  same  way  along  the  drying  and  glazing  sections,  for  the 
supply  of  steam  to  the  cylinders  and  rolls. 

The  calender  rolls  have  to  be  made  and  finished  with  special  care ; 
they  are  cast  of  very  hard  close-grained  iron,  and  after  being  turned 
as  accurately  as  possible,  they  are  ground  together  with  emery 
by  trains  of  grinding  wheels  provided  for  the  purpose.  In  the 
manufacture  of  high  class  paper  the  calenders  perform  a  very 
important  part ;  they  are  made  in  many  different  ways,  and  now 
very  generally  of  much  smaller  diameter,  in  stacks  of  a  considerable 
number  up  to  as  many  as  twelve  in  height,  the  rolls  being  made  of 
chilled  American  iron.     The  construction  described  in  the  present 
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case  lias  been  adopted  on  account  of  its  simplicity  and  ease  of 
management — matters  of  great  importance  in  new  countries  where 
skilled  machine-men  are  not  obtainable. 

Cutting. — The  self-acting  continuous  Cutting  Machine,  which 
next  receives  the  paper,  is  shown  in  Figs.  20  and  21,  Plate  18,  and 
enlarged  in  Figs.  32  to  35,  Plates  23  and  24.  It  consists  of  two 
parts :  the  first  being  the  circular  knives  for  paring  the  edges  of  the 
sheet  and  dividing  it  longitudinally  into  the  required  number  of 
strips  or  breadths.  There  are  five  pairs  of  circular  shears  C,  fitted 
upon  two  parallel  shafts,  that  are  geared  together  at  speeds 
proportioned  inversely  to  the  diameter  of  ^he  shears,  which  are  5f  in. 
diameter  on  the  lower  shaft  and  9^  in.  on  the  upper.  The  lower 
shaft  is  di'iven  by  a  pair  of  speed  cones  from  the  main  driving  shaft 
of  the  machine ;  the  uj^per  shaft  terminates  in  a  knob  at  one 
end,  which  is  kept  in  its  place  laterally  by  a  brass  plate  D,  f  in. 
thick,  dropping  between  a  collar  on  the  shaft  and  the  end  of  the 
bearing,  and  the  cutting  action  of  the  shears  is  stopped  at  any 
time  by  lifting  out  the  brass  plate  and  shifting  the  shaft  and  shears 
sideways  f  in.  Beyond  the  cutters  are  a  pair  of  wood  gathering 
rolls,  the  upper  one  having  sliding  bearings  enabling  it  to  press 
down  upon  the  lower  roll. 

The  second  part  of  the  machine  is  the  Cross-cutting  Apparatus, 
for  cutting  up  the  continuous  sheet  of  paper  into  the  required 
lengths,  whilst  it  is  being  delivered  at  an  uninterrupted  rate  of 
traverse  from  the  paper-making  machine ;  and  for  this  purpose  a 
definite  length  of  the  continuous  sheet  is  measured  off  by  an 
intermittent  motion  of  the  machine,  and  the  forward  traverse  of  the 
paper  is  thus  momentarily  arrested  whilst  a  rapid  cross  cut  is  effected, 
when  the  machine  proceeds  to  measure  off  another  similar  length, 
and  the  process  of  stopping  and  cutting  is  repeated.  The  measuring 
diTim  E  is  3  ft.  5  in.  diameter,  and  receives  a  reciprocating  motion 
by  a  connecting  rod  fi'om  a  crank  F  of  variable  stroke,  which  is  driven 
by  a  pair  of  counter-cones  'N  N  fi'om  the  main  driving  shaft  0  of  the 
cutter ;  and  a  nice  adjustment  of  the  length  of  stroke  of  the  drum  is 
effected  by  the  pin  upon  the  drum  shaft  to  which  the  connecting 
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rod  is  attaclaed  being  made  to  slide  radially  with,  a  screw  and 
handwheel  P.  The  paper  passes  over  the  top  of  the  measuring 
drum  and  then  hangs  down  the  face  of  a  vertical  plate  tangential 
to  the  di'um,  at  the  lower  edge  of  which  is  a  horizontal  knife  Gr, 
and  immediately  above  this-  is  a  clamp  board  K  that  is  pressed 
against  the  plate  by  strong  springs  and  holds  the  paper  fast  upon 
it  whilst  being  cut.  The  clamp  board  is  then  withdrawn  by  a 
pair  of  bell- crank  levers  moved  by  eccentrics,  and  the  same 
movement  brings  down  a  pair  of  pressing  rollers  H  upon  the  drum, 
causing  the  sheet  of  paper  to  be  drawn  forward  to  the  extent  of 
the  forward  movement  of  the  drum.  The  pi'essing  roUers  are 
then  released,  and  the  clamp  board  is  simultaneously  pressed  on  to 
hold  the  paper  during  another  cut,  whilst  the  measuring  drum  takes 
its  backward  movement,  sliding  back  under  the  sheet  of  paper  and 
ready  for  the  next  forward  stroke.  The  exact  speed  at  which  this  is 
done,  so  as  to  keep  pace  with  the  rate  at  which  the  paper  is  made,  is 
regulated  by  the  position  of  the  driving  belt  upon  the  pair  of  counter 
cones,  upon  which  the  belt  is  traversed  by  means  of  the  screw  and 
handwheel  R  and  the  pulley  U.  The  continuous  sheet  of  paper 
before  reaching  the  measuring  dnim  is  made  to  pass  under  a  wood 
"  dancing  "  roll  M,  mounted  in  a  counterbalanced  frame,  which  by 
falling  and  rising  alternately  takes  up  the  slack  in  the  sheet  of 
paper  caused  by  the  successive  stoppages  for  cutting. 

The  cutting  of  the  paper  is  elfected  by  a  knife  I  attached  to  a 
heavy  horizontal  cast-iron  plate,  suspended  by  connecting-rods,  and 
working  under  the  fixed  knife  before  named  with  a  scissors  action, 
the  cutting  edge  having  a  "  draw  "  or  inclination  of  2|  in.  Motion 
is  given  to  the  knife  by  a  pair  of  toggle  joints  connected  to  a 
crank  T  on  the  forward  speed-cone  shaft,  so  that  at  the  moment  the 
sheet  of  paper  is  clamped  fast,  the  knife  makes  a  rapid  chop  across  the 
paper,  retiring  at  once  out  of  the  way  of  its  next  forward  movement. 
The  centre  lines  of  the  toggles  and  cranks  are  so  adjusted  that  the 
forward  cutting  motion  takes  place  in  much  less  time  than  the 
backward  stroke.  By  this  means  sheets  up  to  40  in.  length  can  be 
cut ;  and  if  a  gi*eatcr  length  is  required,  the  connecting  rod  actuating 
the  knife  is  transferred  to  a  second  crank  S  driven  at  half  the  speed 
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of  the  first  one,  and  placed  a  little  below  and  in  reai'  of  it.  The 
paper  is  then  measured  down  twice  for  each  cut  of  the  knife, 
hut  as  the  cutting  motion  woiild  be  too  slow  at  a  uniform  speed 
of  the  crank  shaft,  this  is  driven  by  eccentric  gearing  giving 
a  rapid  motion  at  the  cutting  part  of  the  revolution  at  the 
expense  of  a  slow  motion  at  the  other  part.  The  motions  in 
this  machine  being  all  positive,  and  the  paper  being  actually 
at  rest  whilst  being  cut,  the  result  is  great  accuracy  of  work 
however  fast  the  paper  may  be  running  ;  but  in  the  case  of  water- mark 
papers,  where  it  is  necessary  to  keep  the  device  in  a  particular 
part  of  each  sheet,  it  is  almost  impoj^ible  to  set  the  cutter  so  as 
to  work  exactly  as  fast  as  the  paper-making  machine,  and  the 
water-marks  would  consequently  be  apt  to  get  out  of  place.  To 
obviate  this,  a  second  smaller  clamp  board  L  to  be  worked  by  hand  is 
fitted  just  above  the  first  one,  and  by  it  the  paper  may  be  kept  from 
passing  down  in  front  of  the  knife,  so  that  a  strip  of  any  width  can 
be  cut  off ;  the  slack  that  gathers  behind  the  hand  clamp  being 
pulled  back  in  the  return  stroke  by  the  drum,  which  thus  takes  as 
it  were  a  fresh  point  of  departure. 

The  only  difl&culty  in  working  the  cutting  machine  is  getting 
rid  of  the  electricity  which  is  so  largely  developed  by  the  drying 
of  the  paper.  Short  and  light  sheets  decline  to  fall  from  the 
measuring  drum  unless  the  electiic  fluid  is  dispersed  or  conveyed 
away  by  conductors  arranged  for  the  purpose ;  but  whatever  paper 
can  be  got  through  it,  is  cut  with  great  precision  and  at  any  speed. 
The  cutting  machine  is  frequently  mounted  on  wheels  placed  upon 
rails,  so  as  to  be  run  forward  out  of  the  way  when  it  is  desired  to 
reel  the  sheets  for  wall  papers  or  for  continuous  printing. 

The  sheets  as  they  are  cut,  if  not  too  long,  fall  on  to  an  inclined 
shelf,  and  are  kept  in  order  by  a  couple  of  boys  sitting  in  front. 
For  long  sheets,  such  as  newspapers,  an  endless  travelling  felt  carries 
away  the  paper  as  fast  as  it  is  cut,  and  the  common  kinds  are  at 
once  sorted  as  they  pass  along  by  a  sorter  placed  on  each  side, 
the  defective  sheets  being  taken  off  the  felt  and  the  good  ones 
carried  forward  to  the  packing  room  where  they  are  at  once  put  into 
bales.   In  finer  papers  the  sheets  from  the  cutting  machine  are  carried 
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to  the  sorting  room,  where  tlicy  are  laid  on  large  tables  and  looked 
over,  generally  by  women  ;  any  sheets  defective  in  colour  or  make 
are  removed,  and  the  good  paper  made  up  into  packages  for  delivery, 
a  10  in.  hydraulic  packing  press  D,  Fig.  1,  worked  by  a  hand- pump, 
being  provided  to  assist  in  this  work. 

If  writing  paper  is  being  made,  it  requires  to  be  "polished," 
which  is  done  by  means  of  "  wad  rolls,"  shown  at  E  in  the  general 
plan.  Fig.  1,  Plate  11,  consisting  of  a  pair  of  wi'ought-iron  rollers, 
14  in.  diameter  and  2  ft.  8  in.  length,  running  at  3  revolutions  per  min., 
in  massive  frames.  The  bearings  of  the  upper  roll  can  be  lowered  or 
raised  by  1|  in.  screws,  and  tjjis  roll  is  di'iven  from  the  lower  one  by 
long  toothed  spurwheels,  allowing  considerable  variation  in  the 
distance  between  the  rolls.  The  sheets  of  paper  are  made  up  into  piles 
or  "wads"  of  15  to  20  sheets,  between  each  of  which  is  interposed 
a  thin  sheet  of  zinc  or  copper  very  highly  polished;  and  these 
wads  are  then  passed  through  the  roUs  one  after  another,  being 
brouglit  back  again  by  hand,  and  pressed  as  often  as  may  be  necessary 
to  give  the  requii-ed  degi'ee  of  polish.  When  sufiB.ciently  glazed, 
the  sheets  are  made  up  into  quires  and  reams  and  cut  to  the  size 
required  in  a  simple  guillotine  machine  F. 

Steam  Power. — The  Ogi  Paper  Mill  is  driven  by  steam  power, 
and  the  steam  for  all  pui'poses  is  supplied  at  60  lbs.  pressui'e  by  thi-ee 
Cornish  mvJtitubular  boilers,  shown  in  the  general  plan.  Fig.  1, 
Plate  11;  each  5  ft.  9  in.  diameter  and  17  ft.  4  in.  leugth,  with 
single  furnace  flues  terminating  in  76  tubes,  3  in.  diameter  and  5  ft. 
4  in.  length.  The  main  engine  G,  Fig.  1,  is  horizontal  condensing, 
with  25  X  30  in.  cylinder,  running  at  60  rev.  per  min.,  and 
indicating  140  H.  P.  when  cutting  off  at  |-  stroke ;  the  air-pump  is 
double-acting,  and  worked  by  a  prolongation  of  the  piston-rod. 
The  flywheel,  19  ft.  4  in.  diameter,  with  10  in.  face,  is  geared  and 
drives  two  mortice  pinions  6  ft.  6  in.  diameter  on  two  lines  of 
shafting,  giving  motion  to  all  the  preparing  machinery,  and  to 
a  5  in.  centrifugal  pump,  capable  of  throwing  400  gall,  per  min., 
and  raising  water  from  the  river  into  a  tank  25  ft.  square,  placed 
on  a  brick  tower  26  ft.  high ;    a  second  pump  is  provided  as  a 
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duplicate.  Tlie  supply  for  the  paper-making  machine  is  by  a 
separate  2  in.  main  from  this  tank,  which  has  no  other  services  on 
it,  as  it  is  specially  important  for  the  flow  of  water  there  to  be 
uniform  and  unchecked. 

The  paper-making  machine  is  driven  by  a  10  H.  P.  grasshopper 
engine,  shown  at  H,  Fig.  1,  with  11^  x  21;  in.  cylinder,  running 
at  a  uniform  speed  of  45  rev.  per  min.,  and  controlled  by  a 
sensitive  Porter's  governor.  The  engine  drives  by  a  belt,  from  a 
turned  flywheel  8  ft.  diameter,  those  portions  of  the  machine 
preceding  the  formation  of  the  paper  sheet  which  run  at  constant 
speeds,  or  at  speeds  that  do  not  necessarily  vary  with  the  rate  at 
which  the  paper  is  formed ;  di'iving  first  a  3  ft.  pulley  on  the  upper 
shaft  of  the  shake-gear,  and  this  in  its  tui-n  diives  the  shake  and 
the  knotters.  A  pulley  on  the  engine  crank-shaft  drives  the  stuff 
pump,  the  crank-shaft  of  which  serves  as  a  countershaft  for  driving 
the  agitators  of  the  stuff  chests  ;  the  centrifugal  back-water  pump 
and  felt-washer  are  driven  from  the  top  shake-gear  countershaft. 
The  remaining  portion  of  the  machine  is  arranged  to  be  driven  at 
different  speeds  by  means  of  fom*  pairs  of  change  wheels,  which  are 
fitted  on  to  the  slightly  conical  overhung  ends  of  the  shafts.  The 
foiu"  different  speeds  thus  given  to  the  first  press  rolls  are  13|-, 
20,  26,  and  32  rev.  per  min.,  corresponding  to  a  make  of  49, 
73,  95,  and  117  ft.  per  min.  of  the  continuous  sheet  of  paper. 
All  the  subsequent  portions  of  the  machine,  including  the  final 
cutting  machine,  are  driven  fi'om  the  shaft  of  the  first  press  rolls, 
as  shown  by  the  pulleys  and  gearing  at  U  tJ  in  Fig.  21, 
Plate  18 ;  and  the  effect  of  this  arrangement,  which  was  suggested 
to  the  writer  by  !Mi\  T.  Leigh,  at  one  time  manager  of  the  Stowmarket 
paper  mill,  is  that  an  adjustment  of  the  rate  of  speed  at  any  part 
of  the  machine  beyond  the  first  press  roll  leaves  the  speeding  of  the 
several  sections  following  unaltered  in  relation  to  one  another,  and 
consequently  the  machine  is  very  easily  raanaged,  as  has  been 
demonstrated  by  the  facility  with  which  Japanese  and  Ai'abs  have 
been  trained  to  work  it.  The  minute  alterations  of  speed  that  are 
necessary  from  variations  in  the  nature  of  the  paper  are  made  by 
glueing  on  bits  of  felt  to  the  faces  of  the  belt  pulleys ;  and  although 
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this  seems  a  rude  method  of  regulating  so  nice  a  matter  as  the 
speeding  of  a  paper  machine,  in  practice  it  is  found  to  answer  better 
than  any  plan  of  expanding  pulleys  that  has  yet  been  devised. 

The  engine  driving  the  paper-making  machine  is  furnished 
with  a  small  feed  pump,  by  which  the  water  condensed  from  the 
steam  in  the  drying  cylinders  is  pumped  back  into  the  boilers. 
The  exhaust  pipe  of  the  engine  is  fitted  with  a  loaded  valve, 
putting  from  5  to  10  lb.  pressure  on  the  exhaust  steam,  which  is 
thus  used  advantageously  for  heating  the  drying  cylinders  ;  a  small 
branch  from  the  main  steam  pipe  gives  the  means  of  supplementing 
this  exhaust  steam  by  direct  steam  from  the  boilers.  In  the 
arrangement  of  the  several  portions  of  the  machine  all  the  handles 
and  adjustments  that  have  to  be  used  during  the  running  are 
placed  on  the  same  side — the  "hand-side" — so  that  the  attendants 
have  no  occasion  to  go  round  to  the  other  side  on  which  all  the 
gearing  is  collected,  except  for  changing  or  adjusting  speeds. 

The  machinery  for  the  mill  was  ordered  in  August  1873,  and  it 
was  shipped  to  Japan  in  June  1874 ;  and  the  mill  was  got  to  work 
and  paper  made  in  August  1875.  There  was  not  any  portion  of  the 
machinery  of  any  consequence  damaged  or  lost,  and  great  credit  is 
due  to  Mr.  Frank  Cheesmau,  by  whom  the  erection  of  the  miU  and 
machineiy  was  carried  out  in  a  remarkably  short  space  of  time, 
without  the  aid  of  any  European  mechanics,  in  an  entii'ely  sti'ange 
country  with  a  strange  language.  He  has  been  favourably  impressed 
by  the  intelligence  and  skill  of  the  Japanese  workmen  w4th  whose 
assistance  the  works  were  carried  out,  and  by  the  high  character  of 
the  native  gentlemen  to  whom  the  miU  belongs.  The  extent  of  the 
mill  is  249  ft.  length  by  104  ft.  breadth,  besides  the  boiler  house  ; 
and  a  mill  of  this  size  is  considered  capable  of  producing  from  15  to 
20  tons  of  paper  per  week  of  144  hours  ;  but  this  quantity  is  much 
affected  by  the  quality  and  weight  of  the  paper  made,  and  the 
frequency  with  which  the  sizes  and  qualities  are  changed,  as  well 
as  the  management  and  the  skill  of  the  workj^eople. 
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Mr.  Anderson  said  the  principal  things  to  be  remarked  about 
this  mill  were  the  knotters  and  the  cutting  machine,  which  he 
believed  were  the  joint  invention  of  his  late  partner,  Mr.  Amos, 
and  Mr.  Clark,  who  was  connected  with  Messrs.  Joynson's  famous 
paper  mill  at  St.  Mary  Cray.  The  knotters  had  been  fully  described 
in  the  paper,  and  with  regard  to  the  cutting  machine  he  might 
mention  that  it  presented  mechanical  arrangements  of  that  peculiar 
elegance  and  nicety  which  might  be  expected  from  Mr.  Amos' 
well-known  mechanical  ability  ;  it  certainly  was  a  remarkably  nicely 
working  machine.  With  respect  to  the  paper-making  machine,  for  the 
improvements  in  that  he  was  indebted  in  a  very  great  measure  to  the 
assistance  of  Mr.  Thomas  Leigh ;  and  he  thought  now  it  was  a  very 
perfect  machine  indeed.  Two  similar  machines  had  been  erected  in 
Egypt,  and  the  Arabs  there  had  learnt  to  work  them  without  the 
least  trouble.  If  a  mill  like  the  one  described  had  been  erected 
in  this  country,  there  would  have  been  one,  or  perhaps  two, 
"engineers"  as  they  were  called,  to  attend  to  the  washers  and 
beaters  that  prepared  the  "stuff,"  which  was  a  most  important  part 
of  the  process ;  and  there  would  have  been  two  men  to  attend  to 
the  paper-making  machine,  skilled  and  trained  men,  one  at  the  wet 
part  where  the  paper  was  made,  and  the  other  at  the  dry  part.  But 
Mr.  Cheesman  had  succeeded — by  the  assistance  of  Mr.  Bottomley, 
a  paper  maker  whom  he  found  in  Japan,  but  whose  experience 
had  been  in  America — in  producing  the  paper  of  which  specimens 
were  exhibited,  without  the  aid  of  any  EuTopean  or  skilled 
artisan ;  this  certainly  struck  him  as  being  a  very  creditable 
achievement.  The  only  thing  complained  of  now  in  the  Ogi 
mill  was  that  they  could  not  at  once  produce  the  full  quantity ;  but 
any  paper  maker  would  know  very  well  that  in  this  country  it 
would  not  be  very  easy  to  get  a  mill  of  this  sort  to  work  in  two 
or  three  months,  even  with  experienced  workmen. 

With  respect  to  the  samples  exhibited,  he  had  to  thank  Messrs. 
Bryan  Donkin  and  Co.  for  the  samples  of  rags  cut  by  their  cutting 
machine,  which  was  a  most  useful  and  elegant  machine,  dividing 
the  rags  into  regular  small  cubes.  He  also  had  to  thank 
Mr.  Marchant   of    the   Phoenix   Mills,   Dartford,  who   had   kindly 
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given  the  samples  exhibited  of  rags  in  various  stages,  showing 
two  different  quahties  of  boiled  rags  as  they  came  out  of  the 
boilers,  and  the  same  qualities  opened  out  in  the  washing  machine 
and  washed,  and  also  the  same  when  they  had  been  bleached. 
In  one  of  the  glass  bottles  exhibited  the  liquid  "stuff"  was  shown 
in  the  state  in  which  it  was  delivered  from  the  beaters;  and  in 
another  it  was  shown  further  diluted,  having  been  caught  as  it 
flowed  from  the  distributing  vat  of  the  knotters  on  to  the  shake 
frame,  ready  to  be  made  into  paper;  these  samples  showed  how 
finely  the  fibre  had  to  be  divided  before  it  was  fitted  for  the 
paper-making  machine.  To  Messrs.  Portal  of  Laverstoke  Mills 
near  Salisbui'y  he  was  indebted  for  samples  of  the  materials  from 
which  the  Bank  of  England  notes  were  made.  With  these  very 
special  care  was  taken ;  the  samples  showed  the  new  clippings  of 
rags  which  alone  were  used,  the  "half  stuff"  to  which  they  were 
reduced  without  any  bleaching  whatever,  simply  by  washing,  and 
the  final  pulp  from  which  the  paper  was  produced.  To  Mr.  Townsend 
Hook  of  Snodlaud  he  was  indebted  for  the  samples  of  straw  and 
esparto,  showing  these  materials  as  boiled,  with  the  dark  liquor  or 
ley  in  which  they  were  boiled ;  other  bottles  contained  the  same 
materials  after  washing,  and  also  after  bleaching.  Esparto  looked 
very  like  straw ;  it  was  by  far  the  best  material  for  many  classes  of 
paper  that  were  made,  but  it  was  getting  rather  scarce.  He  showed 
also  samples  of  the  Japanese  rags,  and  of  the  "half  stuff"  made 
from  them  at  the  Ogi  mill ;  they  were  all  cotton  rags,  made  from 
cotton  grown  in  Japan,  and  were  splendid  material  for  paper  making. 
A  sample  was  also  shown  of  the  wire  gauze,  sixty  meshes  to  an 
inch,  that  the  paper  was  formed  upon. 

Mr.  C.  E.  Amos  said  the  interesting  paper  that  had  been  read 
was  such  a  one  as  had  not  been  pi-oduced  before  with  regard  to 
paper-making.  The  mill  described  in  the  paper  seemed  to  him  to  be 
very  well  suited  to  the  purpose  for  which  it  was  intended — making  a 
truly  first-class  printing  paper,  as  shown  by  the  specimens  exhibited. 
It  would  also  make  a  decent  writing  paper,  but  not  writing  paper 
of  the  best  kind.     The  author  had  given  him  credit  for  one  or  two  of 
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the  niachiues  illustrated  in  the  drawings ;  he  could  only  say  though 
they  looked  very  simple  now  they  had  cost  a  great  many  years' 
thought.  There  was  one  machine  that  he  also  took  credit  for,  and 
that  was  the  revolving  rag  boiler  shown  in  the  drawing,  because  he 
thought  he  had  been  the  first  to  introduce  the  boiling  of  rags  under 
high-pressure  steam.  Various  means  of  boiling  had  been  in  use 
before ;  the  old  Manchester  kieve  was  one  of  them,  and  there  was  a 
time  in  the  early  histoi-y  of  paper  making  when  an  open  pan  had 
been  employed  with  a  loose  cover  which  was  loaded  with  weights, 
the  steam  blowing  out  all  round.  When  he  became  a  paper  maker 
himself,  he  reflected  that  if  the  rags  could  be  put  into  a  steam  boiler 
there  would  be  no  loss  of  heat  further  than  that  required  to  bring 
the  rags  up  to  the  necessary  temperature ;  and  as  they  could  not  be 
put  into  an  ordinary  steam  boiler,  he  had  constructed  the  separate 
revolving  boiler  described  in  the  paper,  and  it  had  been  found  very 
efficient  and  had  been  rapidly  adopted  on  all  hands.  Since  that 
period  there  had  been  various  forms  of  rag  boilers,  as  mentioned  in 
the  paper ;  but  he  was  sure  the  author  was  right  in  thinking  that 
the  boiler  shown  in  the  drawing  was  best  adapted  for  the  paper 
maker's  purpose,  and  it  was  used  in  the  best  mills  in  this  country ; 
he  said  this  not  only  as  an  engineer,  but  as  knowing  something  about 
paper  making. 

Having  examined  the  specimens  that  were  exhibited  of  the  paper 
made  in  the  Ogi  mill,  he  thought  they  were  excellent,  and  the 
Japanese  rags  were  very  good.  Mr.  Cheesman's  name  had  been 
mentioned  in  the  paper,  but  he  thought  not  strongly  enough  for  the 
work  that  he  had  done,  when  the  work  of  starting  a  new  paper  mill 
was  considered.  It  was  no  easy  thing  even  in  this  country  to  set  a 
new  paper  mill  to  work,  even  with  trained  paper  makers ;  therefore 
the  greater  credit  was  due  to  Mr.  Cheesman  for  doing  it  in  a  country 
like  Japan,  and  with  the  difficulties  of  a  foreign  language  ;  great 
credit  was  due  to  him,  and  to  Mr.  Bottomley  the  paper  maker. 

Mr.  E.  A.  CowPER  remarked  with  respect  to  the  paper-cutting 
machine  that  the  first  machine  for  cutting  long  sheets  of  paper  had 
been  invented  by  his  father ;  it  was  not  sucli  a  perfect  machine  as 
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the  oue  now  described,  but  it  had  all  the  essential  elements  of 
this  machine.  There  were  circular  knives  on  a  shaft  to  cut  the 
paper  longitudinally,  on  the  same  principle  as  in  this  machine  ;  but 
instead  of  having  a  measuring  drum  for  carrying  the  paper  round, 
the  paper  was  lifted  so  as  to  take  up  the  slack.  There  was  no 
dancing  roller,  but  an  actuated  roller,  which  was  lifted  up  by  a  lever 
so  as  to  take  up  the  slack  every  time,  and  then  the  sheet  of  paper 
was  dropped  straight  down  ;  it  was  then  clamped,  and  the  knife 
went  through  it ;  it  was  thus  a  horizontal  action,  instead  of  a 
vertical  one.  In  those  days  the  paper  was  not  dried  so  thoroughly  as 
now,  and  instead  of  having  so  many  drying  cylinders  as  were  shown 
in  the  drawing,  there  were  only  a  few ;  and  the  consequence  was 
that  the  paper  was  always  a  little  damp  when  taken  off  the  machine 
and  rolled  up.  Therefore  the  plain  scissors-knife  would  not  cut  the 
paper  at  all  satisfactorily,  but  tore  it  instead  of  making  a  clean  cut. 
The  way  the  knife  was  made  was  serrated,  like  a  saw  blade  with  a 
number  of  acute-angled  teeth,  each  tooth  being  sharpened  like  a 
lancet,  so  that  while  the  paper  was  held  firm  between  two  clamps 
the  points  of  the  teeth  perforated  it  and  cut  through  it.  That  would 
even  cut  damp  paper  very  well,  but  the  cut  was  not  nearly  so  perfect 
as  the  present  scissors'  cut. 

The  President  remarked  that  the  serrated  cutter  just  described 
seemed  to  have  been  somewhat  like  that  of  a  reaping  machine. 

Mr.  Amos  recollected  having  one  of  the  late  Mr.  Cowper's  paper- 
cutting  machines  under  his  charge  at  the  Hatfield  paper  mill.  At 
that  time  the  paper  was  not  so  dry  as  now,  because  there  were  only 
four  drying  cylinders,  and  the  speed  was  about  24  ft.  per  min.;  in 
the  present  machine  it  was  seen  there  were  ten  drying  cylinders. 
Long  before  he  left  the  business  the  speed  was  increased  from  24  to 
70  or  80  ft.  per  min.,  and  therefore  the  old  machine  that  would  cut 
at  24  ft.  per  min.  became  very  troublesome  at  the  more  rapid  speed. 
In  the  fii'st  machine  the  circular  knives  worked  into  grooves,  and 
did  not  act  as  shears.  Even  after  the  shearing  action  had  been 
introduced,   the    knives    were    troublesome ;    they   were    large   in 
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diameter  and  fixed  upon  very  small  shafts,  and  even  wlien  running 
at  the  low  speed  these  shafts  would  vibrate  so  that  a  scissors-like 
action  did  not  take  place.  Therefore  he  had  reduced  the  diameter 
of  the  knives,  and  increased  that  of  the  shafts  from  If  or  2  in.  to 
something  like  4|  in.  diameter;  and  consequently  there  could  be 
no  vibration  of  the  shafts,  and  when  once  the  knives  were  set  up  to 
each  other  they  went  very  truly  and  right.  That  was  one  of  the 
improvements  in  the  present  machine.  With  the  positive  motion 
of  every  part  of  the  machine,  accuracy  of  cutting  was  the  result, 
and  he  had  seen  large  wads  of  paper  cut  by  this  means  with  the 
ends  as  true  as  those  of  a  pack  of  cards  that  had  been  ploughed. 

Mr.  CowPER,  alluding  to  the  knotters,  said  there  had  been  several 
different  forms  of  knotters  madelately.  The  "bellows"  knotter  shown 
in  the  drawing  was  no  doubt  an  improvement  upon  the  old  rapping 
knotter,  in  which,  instead  of  the  bellows  working  up  and  down  and 
causing  the  water  to  move  up  and  down  through  the  slits  in  the 
perforated  plates  and  so  keeping  them  clear,  the  whole  frame  was 
lifted  up  and  down,  and  had  a  rapping  motion  which  made  a  very 
great  noise ;  the  knotter  was  moved  through  the  water,  instead  of 
the  water  through  the  knotter.  This  bellows  knotter  was  an  elegant 
apparatus,  and  answered  the  purpose  thoroughly  well.  Another 
form  of  knotter  consisted  of  a  long  box  of  square  or  polygonal 
section,  rotating  on  a  horizontal  spindle  in  a  vat  of  pulp  in  which  it 
was  rather  more  than  half  immersed.  The  perforated  plates  formed 
the  four  sides  of  the  rotating  vessel,  so  that  they  were  alternately 
immersed  in  the  pulp  and  lifted  out  again ;  they  thus  cleared 
themselves  at  each  revolution,  and  the  fine  stuff  which  was  strained 
through  the  slits  into  the  interior  of  the  vessel  was  delivered  from 
each  end  of  it  through  the  hollow  spindle.  He  should  like  to 
ask  for  some  information  with  reference  to  knotters  of  that 
kind,  as  to  whether  they  were  commonly  found  to  work  well  in 
practice. 

The  mode  of  cutting  the  perforated  plates  for  the  knotters  was 
rather  a  curious  matter,  and  there  were  only  a  few  makers  of  them. 
They  were  made  by  a  very  fine-cutting  circular  saw,  which  cut 
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through  the  thin  metal  forming  the  flat  face  of  the  plate,  the  back  of 
the  plate  being  cast  with  a  series  of  grooves  and  bars,  for  giving  the 
requisite  strength  of  metal.  The  saw  cut  a  slit  in  the  bottom  of 
each  groove,  where  the  metal  was  only  about  l-16th  in.  thick,  the 
edge  of  the  saw  just  peeping  through  the  metal  on  the  face  of  the 
plate  when  the  slit  was  finished.  The  saw  itself  being  very  fine  was 
stx-engthened  by  a  large  washer  on  each  side,  of  smaller  diameter,  so 
that  the  fine  saAV  blade  was  left  projecting  to  cut  through  the 
metal. 

Another  form  of  knotter  was  a  circular  one,  consisting  of  a 
horizontal  circular  plate  perforated  with  a  series  of  very  fine 
concentric  cii'cular  slits,  which  was  carried  on  a  vertical  shaft  and 
caused  to  revolve  within  a  cylindrical  vessel  containing  the  pulp, 
and  at  the  same  time  was  made  to  jump  up  and  down — to  pump,  so 
to  speak ;  in  that  way  the  water  was  made  to  go  up  through  the 
slits  in  the  downstroke,  and  kept  the  surface  of  the  plate  clear,  the 
fine  stuff  passing  down  through  the  slits  in  the  upstroke.  He 
remembered  seeing  this  form  of  knotter  made  by  Mr.  Clement  of 
Newino-tou  Butts,  immediately  after  the  first  knotter  had  been  made 
by  the  original  inventor,  Ibotson. 

In  Ibotson's  knotter  the  perforated  plates  were  constructed  in 
the  form  of  a  number  of  Vandykes  fitting  into  one  another,  which 
could  be  drawn  closer  together  or  further  apart  so  as  to  alter  the 
width  of  the  V  shaped  slits ;  and  the  water  was  made  to  pass  up  and 
down  through  the  slits  by  the  upward  and  downward  motion  of 
the  knotter. 

Mr.  Amos  said  he  had  seen  several  of  the  square  rotating 
knotters  at  work  in  Scotland,  and  the  objection  to  them  was  this. 
The  vat  contained  a  large  quantity  of  stuff,  and  it  would  be  observed 
that  as  the  finer  portion  of  the  pulp  passed  through  the  slits  into 
the  centre  of  the  rotating  knotter  and  away  through  the  hollow 
axis,  a  residuum  was  left  in  the  trough,  and  when  it  became 
necessary  to  clear  the  trough  out  there  was  a  great  deal  of  stuff 
that  had  to  be  wasted.  That  was  why  he  did  not  like  it,  and  he 
thought  those  who  had  had  it  must  have  felt  the  same  objection. 
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The  knotter  described  in  the  paper  had  been  spoken  very  highly 
of,  but  there  was  another  form  that  had  been  brought  out  by 
himself,  and  if  it  had  been  carried  out  further  he  thought  it  would 
have  been  the  best  that  could  be  produced.  It  was  a  mode  of 
forcing  the  pulp  to  ascend  and  pass  up  through  a  stationary 
perforated  plate ;  there  again  there  was  this  difficulty  that  the  stuff 
got  thick  beneath  the  plate.  To  get  over  that,  a  small  knotter  of 
the  ordinary  kind  was  placed  at  a  lower  level,  into  which  a 
quantity  of  the  thickened  pulp  "knots "  &c.  from  the  box  beneath  the 
perforated  plate  was  continually  being  drawn ;  it  was  there  strained, 
the  knots  taken  out,  and  the  cleaned  pulp  returned  to  the  principal 
knotter  by  the  "  lifters  "  of  the  paper  machine.  That  would  keep 
on  for  hours,  and  the  knotter  was  almost  self-cleaning.  It  had  been 
tried  at  a  paper  mill  at  Ivybridge  near  Plymouth,  and  he  had  seen 
it  working  a  day  or  two  there  in  the  most  beautifal  manner.  The 
only  objection  found  to  it  was  this :  that,  there  being  no  agitation 
of  the  stuff  as  it  came  off  the  knotter,  some  of  the  fine  flour  of  the 
pulp  gathered  round  the  sides  of  the  plate,  forming  little  clots,  and 
dropped  off,  causing  a  waste  of  the  stuff.  That  might  have  been 
obviated  if  the  plan  had  been  gone  on  with. 

He  had  also  had  the  working  of  the  circular  knotter  which  had 
been  mentioned  by  Mr.  Cowper,  and  it  had  answered  very  well. 
The  only  fault  was  that  it  was  too  small  for  the  work. 

Mr.  Anderson,  in  reply  to  the  question  that  had  been  asked  about 
the  rotating  square  knotters,  said  he  was  informed  by  Mr.  Leigh  that 
Mr.  Joynson  got  one  of  these  at  a  cost  of  £1000,  but  the  reason  it 
was  not  used  there  was  that  it  was  apparently  so  weakly  constructed 
that  in  revolving  the  joints  between  the  plates  opened  more  or  less, 
and  every  time  they  opened  they  jammed  a  certain  quantity  of  fibre 
in,  and  that  gradually  opened  them  more  and  more,  and  so  made  the 
thing  unusable.  But  he  believed  Mr.  Amos  had  given  the  true 
reason  for  its  not  being  suitable  for  really  good  papers,  and  that 
was,  that  the  stuff  in  the  vat  in  which  it  worked  got  thicker  and 
thicker,  or  at  any  rate  the  thickness  varied,  and  that  was  fatal  to 
anything  like  regularity  of  work ;   if  it  was  wanted  to  produce  a 
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good  class  of  paper  the  regularity  must  be  absolute  as  far  as  possible. 
Ibotson's  knotters  were  he  believed  very  popular;  they  were 
certainly  very  good.  The  upward-flow  knotter  which  Mr.  Amos 
had  described  had  been  adopted  at  the  Stowraai'ket  paper  mill, 
and  answered  very  well  indeed  there,  except  that  it  was  altogether 
unsuited  for  straw  pulp.  It  was  a  curious  thing,  but  the  bellows 
knottei's  described  in  the  paper  did  not  seem  to  answer  for 
straw  pulp  ;  there  was  nothing  like  the  common,  rude,  coarse, 
rapping  machine  for  straw.  But  for  the  finer  qualities  of  paper 
made  from  rags  and  esparto  there  was  no  doubt  that  the  idea 
introduced  by  Mr.  Amos  was  worthy  of  being  further  worked  out. 
It  so  happened  that  he  himself  had  not  been  able  to  do  anything  in 
that  direction,  because  the  machinery  he  had  made  had  always  been 
for  abroad,  for  countries  where  the  simpler  the  machines  were  the 
better,  and  where  a  very  high  class  of  paper  was  not  aimed  at. 

He  had  not  been  aware  that  Mr.  Amos  was  the  original  introducer 
of  the  revolving  boiler  for  boiling  rags  ;  but  that  boiler  as  shown  in 
the  drawing  was  precisely  the  same  as  he  himself  found  it  when  he 
joined  Mr.  Amos'  firm,  and  he  certainly  thought  it  had  proved  as 
good  an  example  of  boiler  as  could  possibly  be  made. 

The  Peesideut  said  he  was  sure  the  members  would  have  pleasure 
in  according  Mr.  Anderson  their  thanks  for  the  very  elaborate  and 
exhaustive  paper  he  had  given  ;  and  moved  a  vote  of  thanks  to  him, 
which  was  passed. 


The  following  paper  was  then  read  : — 
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ON  THE 

YIELD   OF  WELLS  SUNK  IN  THE   CHALK 
IN  THE   CENTRAL  PORTION  OF  THE   LONDON  BASIN. 


By  Me.  EDWARD  EASTON,  OF  LONDON. 


The  question  of  Watei'  Supply  to  London  is  so  important  and 
so  intei'esting  to  engineers,  that  the  wiiter  does  not  hesitate  to  place 
before  the  Members  of  the  Institution  some  facts,  which  in  the 
course  of  a  long  esperience  he  has  gathered,  and  conclusions  he  has 
arrived  at,  in  the  hope  that  the  statement  of  them  may  elicit  additional 
information  and  valuable  opinions  on  the  subject.  The  geology  of 
the  London  Basin  has  already  been  most  ably  and  fully  described  by 
Professor  Prestwich,  Mr.  Whitaker,  Professor  Ansted,  and  others ; 
and  it  is  not  proposed  to  refer  to  it,  except  as  far  as  the  great 
divisions  of  the  stratification  affect  the  water-producing  power  of  the 
basin  generally. 

The  two  great  water-bearing  divisions  are : — first,  the  chalk 
denuded  of  superincumbent  strata  (except  gravel),  which  receives  the 
rainfall  dii'ect ;  secondly,  the  chalk  covered  by  the  tertiary  deposits, 
which  receives  the  rainfall,  partly  from  the  denuded  chalk,  and  partly 
after  its  passage  through  the  pervious  beds  underlying  the  London 
and  plastic  clays.  It  is  to  the  consideration  of  this  latter  division 
that  the  present  paper  relates,  and  especially  to  that  portion  of  it 
which  is  situated  in  the  middle  of  London,  within  a  radius  of  four  or 
five  miles  from  Charing  Cross. 

The  chalk  under  London  is  always  spoken  of  as  taking  the  form 
of  a  basiu ;  and  this  is  strictly  coiTCct,  as  far  as  regards  both  its 
configuration  of  surface  and  lines  of  stratification  along  sectional 
lines  from  north  to  south.  But  it  resembles  a  basin  with  a  lip  or 
spout  to  it  in  the  other  direction  from  west  to  east,  the  spout  or 
outlet  being  the  valley  of  the  Thames  below  Woolwich,  where  the 
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river  after  passing  tlii'ough  the  tertiary  strata  resumes  its  course 
througli  the  chalk  itself.  A  transverse  section  of  the  Thames  Valley 
is  shown  in  Fig.  1,  Plate  25,  (as  a  diagram  not  to  an  exact  scale) 
with  a  corresponding  plan  in  Fig.  2 ;  and  a  longitudinal  section  of 
the  Thames  Valley  from  Maidenhead  to  Purfleet  is  shown  in  Fig.  3, 
Plate  26 ;  also  two  transverse  sections  of  the  Thames  below  London 
are  shown  in  Figs.  4  and  5. 

Were  it  not  for  two  disturbing  causes,  it  would  be  easy  to  trace 
the  rainfall  from  its  point  of  reception  into  the  chalk  to  its  outlet 
into  the  Thames,  and  so  on  to  the  sea ;  and  an  approximate  estimate 
might  be  formed  of  the  quantity  so  passing.  But  in  the  first  place  it 
is  very  difficult  to  determine  the  amount  of  obstacle  offered  by  the 
deflection  of  the  chalk  to  such  a  depth  as  it  assumes  under  the 
tertiary  strata,  a  depth  varying  from  100  to  300  feet ;  and  in  the 
next  place  there  occurs  a  great  fault  in  the  strata  on  the  east  of 
London,  which  has  a  very  marked  effect  upon  the  outflow  of  the 
water. 

It  is  not  possible  to  describe  this  fault  in  shorter  or  clearer 
language  than  that  used  by  IVIr.  Whitaker*  : — "  The  most  important 
fault  in  the  London  basin  is  that  along  the  valley  of  the  Thames 
below  London,  with  a  downthi'ow  on  the  north  sometimes  to  an 
extent  of  about  100  ft.,  and  perhaps  more,  which  may  indeed  have 
had  some  effect  in  determining  the  course  of  part  of  that  valley. 
It  was  seen  in  section  in  two  railway  cuttings  south  of  Deptford,  is 
proved  by  well  sections  at  Greenwich,  is  lost  sight  of  (  ?  under  the 
river)  at  Woolwich,  is  again  shown  farther  eastward,  again  lost 
under  the  river,  and  last  occurs  on  the  northern  side  of  the  Thames 
near  Purfleet  and  Stifford.  In  thus  attempting  to  trace  this  fault 
for  so  long  a  distance  I  must  be  understood  to  speak  with  a  little 
doubt,  as  there  are  two  breaks  in  the  chain,  and  a~s  on  the  north  of 
the  river  the  beds  are  .so  much  hidden  by  alluvium  and  gi-avel.  In 
Mr.  Mylne's  geological  maps  of  London  no  such  line  of  fault  is 
shown,  but  that  at  Greenwich  is  made  quite  distinct  from  that  at 
Abbey  Wood.     I  was  quite  unable  however  to  trace  any  such  lines 

*  Memoirs  of  the  Geological  Survey,  Vol.  IV.,  part  1,  page  353. 
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of  fault  as  those  on  Mi'.  Mylne's  map,  and  it  seemed  to  me  much 
safer  to  connect  the  three  separate  exposures  of  Greenwich,  Abbey 
Wood,  and  Stiiford,  in  a  gentle  curved  line." 

The  wi'iter  has  quoted  the  whole  of  the  passage,  because 
it  rather  contradicts  the  facts  published  by  Mr.  Mylne  in  his 
careful  map  of  the  London  Strata.  ISIi'.  Whitaker  further  says 
that  "  there  may  be  other  faults  in  this  disturbed  tract "  (south- 
east of  London),  but  that,  "  acting  on  the  safe  principle  in 
geological  mapping,  not  to  draw  a  fault  unless  it  is  actually  seen," 
none  have  been  marked  on  the  geological  map  of  England. 

The  fault  thus  described,  and  indicated  in  the  transverse 
sections.  Figs.  4  and  5,  combined  with  the  fact  of  the  chalk  being 
disturbed,  has  caused  a  sudden  alteration  in  the  level  of  the  water 
in  the  chalk ;  for  whereas  in  the  wells  in  Bermondsey  on  the 
south  of  the  Thames,  and  Whitechapel  and  Shadwell  on  the  north, 
the  normal  level  of  the  water  is  from  70  to  90  ft.  below  Trinity 
high-water  mark,  the  wells  at  Greenwich  and  those  of  the  Kent 
Water  Works  on  the  south,  and  at  Grays  and  other  places  eastward 
of  the  fault  on  the  north  side,  have  their  normal  water-line  generally 
at  about  mean-tide  level,  or  about  10  ft.  below  Trinity. 

The  other  disturbing  element  in  the  flow  of  the  water,  as 
distinguished  from  the  phenomena  to  be  observed  in  what  the 
writer  wiU  term  pure  chalk  districts  (such  as  the  Brighton  Downs 
for  example),  is  that  described  by  another  eminent  geologist, 
Professor  Prestwich.*  "With  reference  more  particularly  to  the 
condition  of  the  chalk  underlying  the  tertiary  strata,  it  is  evident, 
in  the  many  movements  of  elevation  and  depression  which  the  crust 
of  this  part  of  the  earth  must  have  undergone,  that  those  strata 
which  form  the  immediate  surface  must  have  been  far  more  shattered 
and  fissured  than  those  which  are  covered  by  a  great  weight  of 
superincumbent  deposits  :  the  one  portion  woidd  be  extensively 
fissured  and  creviced,  whilst  the  other  would  remain  comparatively 
unbroken  and  entire.  Therefore  we  cannot  expect  to  find  in  the 
deep-seated    mass  of   chalk  beneath  the  tertiary  strata  the  same 

*  Water-bearing  Strata  of  London,  p.  65. 


166  WATER   SUPPLY   FROM    CHALK. 


May. 


facilities  for  the  transmission  of  water  as  those  which  evidently 
exist  in  it  where  it  constitutes  the  surface  of  the  country." 

Were  it  not  for  these  disturbing  elements,  the  flow  of  water  in 
the  chalk  under  London  would  doubtless  follow  more  closely  the 
general  laws  which  govern  it  in  pure  chalk  districts. 

In  the  case  of  Brighton  for  instance,  the  rain  which  falls  on  the 
surface  is  to  a  greater  or  less  extent,  according  to  the  period  of  the 
year,  absorbed  into  the  body  of  the  chalk,  and  finds  its  way  straight 
to  the  sea,  partly  through  vertical  fissures  made  during  the  course  of 
ages  in  the  solid  rock  itself,  and  partly  along  the  horizontal  lines 
of  flints,  which  frequently  in  that  district  form  unbroken  beds  of 
very  considerable  extent.  The  whole  of  the  rainfall,  except  that 
absorbed  by  vegetation  or  given  off  by  evaporation,  percolates  into 
the  chalk,  and  has  its  chief  outlet  into  the  sea :  just  as,  in  the  case 
of  the  London  basin,  its  chief  outlet  would  naturally  be  towards  the 
river  Thames  at  Deptford  and  below.  When  the  chalk  becomes 
fuU,  the  surjjlus  water  runs  out  at  springs,  which  break  out  all  along 
the  great  escarpment  at  the  norihern  boundary  of  the  South  Downs, 
at  Poynings,  Plumpton,  and  in  the  Clayton  tunnel  of  the  London 
and  Brighton  Railway :  just  as,  all  round  London,  the  overflow  of 
the  chalk  finds  its  vent  in  the  springs  forming  the  rivers  Wandlc, 
Ver,  Colne,  Wendle,  &c.  But  whereas  the  main  body  of  water  at 
Brighton  runs  into  the  sea  underground,  and  only  the  surplus  water 
finds  its  way  into  the  open  country :  in  the  case  of  the  London  basin 
there  is  good  reason  for  supposing  that  the  great  bulk  of  the  rainfall 
on  the  chalk  and  strata  feeding  the  chalk,  situated  to  the  westward 
of  the  fault  above  mentioned,  runs  out  at  these  streams,  and  that 
only  a  comparatively  small  portion  finds  its  way  into  the  chalk  under 
London.  This  view  is  strongly  corroborated  by  the  fact  that, — 
whereas  in  London  proper,  where  the  chalk  is  covered  with  thick 
tertiary  deposits,  it  is  rare  to  meet  with  any  well  which  will  yield 
more  than  from  300,000  to  600,000  gall,  daily  (there  is  only  one 
well  the  writer  is  acquainted  with  doing  more  than  this,  namely  that 
of  the  Government  Water  Works  in  Orange  Street,  Leicester 
Square), — the  wells  and  boring  of  the  Kent  Water  Works  give 
quantities  varying  from  1,000,000  to  5,000,000  gall,  daily. 
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The  fissures  in  the  chalk  being  comparatively  small,  it  follows 
that  the  inclination  o£  the  surface  of  the  water  will  be  such  as  to 
give  the  necessary  head  for  the  delivery  of  the  water  through  them 
in  proportion  to  their  size.  This  rate  of  inclination  in  the  Brighton 
chalk  is  as  nearly  as  may  be  40  ft.  per  mile.  The  wi'iter  has  made 
careful  observations  as  to  this,  the  result  of  which  was  that  the  level 
of  the  water  in  wells  situated  in  a  straight  Kne  northward  from  the 
centre  of  Brighton  to  the  Clayton  spring  described  a  flattened  curve, 
which  varied  in  its  shape  according  to  the  season,  but  approximated 
to  the  rate  of  inclination  above  given.  A  record  has  been  kept  at 
the  Brighton  Water  Works  for  upwards  of  thirteen  years,  which 
shows  that  the  depth  of  water  level  in  the  wells  varies  with  the 
rainfall;  a  diagram  of  this  is  shown  in  Fig.  6,  Plate  27.  Speaking 
generally,  the  depth  of  water  level  in  the  wells  at  Brighton  is  at  its 
maximum  in  March  each  year,  and  the  minimum  is  in  October  to 
December ;  but  this  is  dependent  upon  the  season,  it  being  observed 
that  the  curve  formed  by  the  depths  of  the  water  follows  that  of 
the  rainfall  at  an  interval  of  about  four  months.  Very  much  the 
same  phenomenon  takes  place  in  the  London  basin,  where  again 
on  the  average  the  lowest  time  in  every  year  is  March,  and  the 
highest  November  to  January. 

The  disturbing  causes  have  produced  also  another  residt  in  the 
case  of  the  London  basin,  namely  the  uncertainty  of  finding  water 
in  any  quantity.  This  is  particularly  shown  by  the  difference  in 
the  yield  of  the  well  at  Trafalgar  Square  and  at  Combe  and  Co.'s 
Brewery  in  Long  Acre,  the  former  giving  above  600,000  gall.  daUy, 
whereas  the  latter  at  the  distance  of  little  more  than  a  mile  does 
not  afford  a  supply  of  one  tenth  the  amount,  although  the  water 
level  is  lowered  veiy  considerably  more. 

It  is  very  difl&cult  to  determine  also  how  much  of  the  water 
obtained  from  the  wells  sunk  through  the  tertiary  strata  into  the 
chalk  is  derived  from  the  chalk  itself,  and  how  much  from  the  sands 
between  the  plastic  clay  and  the  chalk.  At  many  places  the 
quantity  from  the  sands  is  very  much  in  excess,  as  for  instance  at 
Truman  and  Hanbury's  Brewery,  Spitalfields,  where  out  of  a  daily 
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yield  of  120,000  gall,  only  10,000  gall,  or  one  twelfth  of  the  whole 
comes  from  the  chalk  itself.  The  writer'.s  opinion  is  that  in  every 
well  sunk  in  the  centre  of  the  London  basin,  where  the  chalk  is 
covered  by  the  tertiary  sands,  there  is  a  very  considerable  admixture 
of  water  from  these  sands  with  the  chalk  water  proper,  if  indeed 
this  admixture  is  not  quite  general  all  over  the  district.  The  chief 
reason  for  coming  to  this  conclusion  is  that, — whilst  the  analysis  of 
•water  derived  fi'om  denuded  pure  chalk  invariably  shows  a  hardness 
according  to  Dr.  Clark's  test  of  from  14  to  18  degrees,  arising  to  a 
very  great  extent  from  the  presence  of  carbonate  of  lime  and  to 
a  smaller  extent  from  chloride  of  sodium, — the  water  obtained  from 
boreholes  or  wells  sunk  through  the  tertiary  strata  is  generally  soft, 
and  varies  from  3  to  8  degrees.  This  does  not  arise  from  the 
absence  of  mineral  matters  in  solution,  so  much  as  from  the 
presence  of  alkalis  which  neutralise  the  hardening  effects  of  the 
salts.  Thus,  whereas  the  average  analysis  of  pure  chalk  water 
would  be  somewhat  as  follows  : — 

Carbonate  of  Lime 1300  gr.  per  gall. 

Sulphate  of  Lime 1*20  „ 

Chloride  of  Sodium           ....  2'50  „ 

Silica 1-00  „ 

17-70 
or  say  18  gr.  per  gaU., — the  average  analysis  of  the  deep-well  water 
under  the  tertiary  strata  would  be 

Carbonate  of  Lime    ....        3 

Carbonate  of  Magnesia         .        .        .     1  ^ 

Carbonate  of  Soda     ....        6 

Sulphate  of  Soda 24 

Sulphate  of  Potash    ....        1 

Silica \ 

Chloride  of  Sodium    ....      10 


to    8 

gr.  per  gall. 

9 

H 

„  18 

)) 

.,    6 

l> 

„  13 

)) 

„     1 

>» 

„  20 

!) 

46         68 


or  from  40  gr.  to  70  gr.  per  gall. 


Another  point  to  be  observed  in  connection  with  all  these  wells 
is  that  the  level  of  the  water  in  them  is  steadily  lowering,  as  the 
sinking  of  new  wells  in  the  district  causes  a  larger  amount  to  be 
drawn   from   the   strata.     This  has  been  observed  in  nearly  every 
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well  which  has  been  steadily  worked ;  and  several  cases  are  known 
where  wells  have  become  disused,  ovring  to  their  having  run  dry. 

From  all  these  facts  the  writer  draws  the  conclusion  that  the 
passage  of  the  water  through  the  fissures  of  the  chalk  under  the 
tertiary  strata  is  very  much  impeded ;  and  that,  although  there  is  an 
immense  surplus  of  rainfall  percolating  into  the  chalk  all  round 
London,  comparatively  little  finds  its  way  into  the  chalk  beds 
beneath  the  centre  of  London ;  and  that  what  does  so  pass  is  very 
much  mixed  with  water  which  has  either  come  direct  from  the 
outcrop  of  the  tertiary  sands  and  through  them  into  the  wells,  or 
has  in  its  passage  from  the  upper  levels  of  the  underlying  chalk  to 
the  lower  parts  of  the  stratum  gone  through  some  of  those  sands. 
It  is  evident  that  no  great  quantities  of  water  can  be  expected  under 
London  itself,  certainly  not  more  in  the  writer's  opinion  than  vrill  be 
wanted  for  manufactories  and  large  consumers  ;  and  that  any  great 
addition  to  the  general  supply  of  the  metropolis  from  the  chalk  must 
be  looked  for  from  the  outlying  districts  where  that  stratum  is 
denuded. 


Mr.  Easton  drew  attention  to  the  peculiarity  which  was  shown 
in  the  last  three  months  in  the  diagram  exhibited  of  the  rainfall 
and  the  water  level  in  the  wells  at  Brighton.  It  would  be  seen  that 
in  the  present  year  1876  there  had  been  two  great  jumps  up  in 
the  water  level,  arising  no  doubt  from  the  enormous  rainfall 
of  last  July  and  November  ;  there  had  thus  been  two  rises  in  the 
water  level  during  the  first  quarter  of  the  present  year,  instead  of 
one  as  had  almost  invariably  been  the  case  in  previous  years  ;  there 
was  a  distinct  double  rise,  following  from  two  sudden  rises  in  the 
rainfall  of  the  half-year  before. 

c2 
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Mr.  E.  A.  CowpER  mentioned  that  he  had  a  section  through  a 
larce  number  of  the  wells  in  London,  showing  the  depth  of  water, 
which  had  been  taken  some  years  ago  ;  and  he  could  quite  corroborate 
the  statement  in  the  paper  that  the  general  level  of  the  water  in  the 
deep  wells  throughout  London  was   decidedly  lowering. 

The  President  asked  if  Mr.  Webb  would  give  some  information 
with  regard  to  a  very  peculiar  well  at  Camden  Town  belonging  to 
the  London  and  North  Western  Railway. 

Mr.  F.  W.  Webb  said  the  well  referred  to  had  been  pumped  dry 
last  year,  and  had  now  been  deepened,  and  a  fresh  supply  was 
obtained  of  about  100,000  gallons  a  day.  But  the  quality  of  the 
water  was  too  soft  for  locomotive  purposes  ;  it  could  not  be  used 
for  locomotives  at  all,  unless  the  boilers  were  new  or  perfectly 
clean,  with  no  accumulation  of  scale.  If  a  charge  of  that  water  were 
put  into  the  tender,  the  engine  would  prime  and  throw  all  the  water 
out  of  the  boiler ;  a  great  quantity  of  soda  was  contained  in  the 
water.*  He  had  tried  at  Watford  a  short  time  ago  softening  the 
chalk  water  there  by  the  lime  process  ;  an  engine  that  was  very  foul 
indeed  from  working  with  hard  water  on  the  Rickmansworth  Branch 
was  supplied  from  a  tank  in  wh;ch  the  water  had  been  softened,  and 
at  the  end  of  a  month  the  boiler  was  perfectly  clean  ;  the  soft  water 
had  taken  out  the  whole  of  the  deposit,  and  not  a  handful  of  scale 
could  be  got  when  the  boiler  was  washed  out. 

Col.  Clay  enquired  whether  at  the  Brighton  Water  Works  there 
was  any  tendency  for  the  water  to  become  salt  from  the  infiltration 
of  the  sea  water.  In  Liverpool  there  was  a  great  tendency  to  salt 
up  the  sandstone  rock  that  formed  the  filter  bed  through  which  the 


*  The  following  is  the  analysis  of  this  water  : — 

Sulphate  of  Soda      

Carbonate  of  Soda     

Muriate  of  Soda        

Carbonaceous  matter  and  trace  of  Silica 

..  13-0  gr.  per  gall. 
..  17-6    „      „      „ 

••  11-1    ,,      „      „ 
-     2-3    „      „      „ 

Total  solid  matter     , 

..  44'0  gr.  per  gall. 

May, 
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water  came.  He  had  sunk  four  wells  there  iu  succession,  the  first 
being  at  the  south  end  of  Liverpool ;  and  when  Mr.  Stephenson 
reported  in  1848  upon  the  water  supply  of  Liverpool,  the  water  in 
that  well  was  of  very  considerable  purity ;  but  within  five  years 
of  that  time  the  water  was  so  salt  that  it  could  not  be  tised  for 
boilers.  A  well  was  then  sunk  150  feet  further  away  from  the  river, 
and  that  also  in  a  short  time  became  salt.  As  a  considerable  quantity 
of  water  was  required,  he  then  went  to  what  was  considered  to  be 
beyond  a  small  fault  running  through  the  sandstone  I'ock,  and 
thought  that  by  going  to  the  other  side  of  it  the  salt  water  from  the 
river  would  be  cut  ofi" ;  but  there  was  some  connection  through  the 
fault,  and  it  was  very  soon  found  that  that  well  also  became  salt, 
A  fourth  well  was  then  sunk,  in  which  very  great  pains  were  taken 
to  keep  all  the  sea  water  out.  A  12-iuch  bore  hole  was  carried  down 
deeper  than  the  bottom  of  the  lowest  part  of  the  river  Mersey,  and 
in  the  upper  part  of  the  hole  the  top  water  was  tubbed  out  by  iron 
and  cement ;  but  it  was  still  found  that  the  well  water  soon  became 
salt,  and  that  the  height  of  the  tide  could  be  told  by  the  height  of 
the  water  in  the  well,  the  rise  and  fall  in  the  well  being  influenced 
by  that  of  the  tide. 

Mr.  C.  E.  Amos  mentioned  that  about  1837  his  partner  Mr.  Easton 
had  been  engaged  in  sinking  the  well  at  Camden  Town  that 
Mr.  Webb  had  spoken  of,  and  he  recollected  very  well  the  difficulty 
they  had  with  the  water  and  its  unfitness  for  locomotive  purposes, 
so  much  so  that  it  could  not  be  kept  in  the  boilers  on  account  of 
priming.  To  get  over  the  difficulty  the  railway  company  arranged 
with  the  canal  alongside,  by  putting  down  a  double-acting  pump 
with  separate  outlets  and  inlets,  so  that  in  one  stroke  the  pump  would 
take  a  measure  of  water  from  the  canal  and  put  it  into  the  tank  for 
the  locomotives,  and  the  return  stroke  would  take  the  water  from 
the  well  and  put  it  into  the  canal. 

Mr.  Webb  said  that  for  a  long  time  the  present  yield  of  the  well 
at  Camden  Town  had  been  only  sufficient  water  to  supply  the  two 
hotels  at  Euston  station.     It  was  so  soft  and  in  such  demand  that 
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there  had  been  none  to  spare  for  mixing  with  the  canal  water  for 
locomotive  purposes. 

With  reference  to  the  saltness  of  wells  near  the  sea,  he  might 
mention  that  he  had  sunk  a  well  a  short  time  ago  at  Carlisle  on  the 
land  side  of  the  dip  of  the  basin  that  Carlisle  lay  in,  and  found  by 
analysing  the  water  in  this  well  and  in  the  well  of  the  prison,  which 
was  on  the  sea  side  of  the  dip,  that  the  prison  water  contained  12  gr. 
of  common  salt  per  gall.,  but  the  water  in  the  new  well  had  only 

Mr.  C.  Hawksley,  referring  to  the  diagram  exhibited  of  the 
water  level  in  the  wells  at  Brighton,  thought  the  second  rise  of 
the  water  in  the  year  1876  was  due  to  the  rainfall  in  February 
and  March  of  that  year  arresting  the  usual  depression,  rather 
than  to  the  second  heavy  rainfall  during  1875;  because  the  lapse 
of  time  between  the  termination  of  the  second  heavy  rainfall  in  1875 
and  the  second  rise  in  the  level  of  the  water  in  1876  appeared  to  be 
greater  than  had  been  the  case  in  fonner  years. 

Mr.  Ernest  Spon  said  that,  having  paid  considerable  attention  to 
the  flow  of  underground  water,  he  was  entirely  of  the  author's  opinion 
that  more  than  one  main  fault  ran  through  the  London  district, 
particularly  in  the  south  eastern  division.  He  was  not  sure  that  the 
long  line  which  Mr.  Whitaker  seemed  to  think  was  a  single  fault, 
though  guarding  himself  against  definitely  pronouncing  it  so,  was 
not  really  a  double  fault ;  and  if  that  were  the  case,  there  was  no 
reason  whatever  why  other  faults  of  a  similar  description  should 
not  exist  to  a  certain  extent.  That  would  explain  the  apparent 
inconsistency,  mentioned  in  the  paper,  between  wells  which  were  in 
immediate  proximity,  and  yet  one,  which  was  perhaps  sunk  to  a 
greater  depth  than  the  other,  would  yield  little  or  no  water  compared 
with  that  which  the  other  yielded  ;  while  there  were  wells  similarly 
situated  not  interfering  in  the  shghtest  degree  with  each  other's 
yield.  There  was  a  notable  instance  of  this  in  the  case  of  the  wells 
sunk  at  the  two  breweries  one  on  each  side  of  Stockwell  Green,  the 
wells  being  separated  by  a  distance  he  thought  of  about  100  yards. 
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One  well  lie  believed  was  sunk  211  ft.  in  tlie  tertiary  strata,  and  150  ft. 
into  the  cLalk,  and  yielded  he  was  told  about  46  gall,  per  min.  The 
other  well  was  sunk  210  ft. — practically  the  same  depth— in  the 
tertiary  strata,  and  only  100  ft,  into  the  chalk — that  is,  50  ft.  less 
than  in  the  neighbouring  well — and  yielded  33  gall,  per  min.  The 
yields  over  the  district  varied  he  believed  to  a  very  great  extent;  and 
he  wished  to  call  attention  to  the  difficulty  there  was  in  ascertaining 
the  actual  yield  of  many  wells  in  London.  The  wells  were  sunk  in 
many  instances  by  private  firms,  and  often  at  great  expense,  and 
they  did  not  like  the  yield  to  be  known,  in  case  it  might  come  to  the 
knowledge  of  other  parties  in  the  same  business.  In  many  instances 
too  such  a  large  sum  of  money  was  spent  about  wells  without  any 
adequate  result  that  an  additional  incentive  was  furnished  to  keep 
the  matter  close;  so  that  there  was  a  considerable  difficulty  in 
ascertaining  what  was  the  actual  yield  of  wells  sunk  in  the  district 
to  which  the  paper  referred.  He  had  hoped  to  hear  from  the  author 
something  more  about  the  actual  yield  of  a  good  many  wells  in 
the  London  basin ;  but  he  presumed  he  was  labouring  under  the 
difficulty  now  alluded  to.  He  had  himself  been  at  considerable ' 
trouble  to  collate  the  statements  made  by  various  competent 
authorities.  It  had  been  stated  many  years  ago  by  Professor 
Prestwich,  who  took  considerable  trouble  in  the  matter,  that  the 
yield  of  the  principal  wells  in  the  London  district  was,  as  far  as  he 
could  ascertain,  from  80  to  120  gall,  per  min.  His  own  experience 
led  him  to  feel  that  this  was  a  little  over-estimated,  and  that  the 
yield  under  most  circumstances  did  not  amount  to  more  than  100 
gall,  per  min. ;  when  sinking  in  the  chalk  he  never  expected  to  meet 
with  more  than  that  quantity,  and  he  should  consider  himself 
fortunate  if  he  came  across  a  fissure  and  got  more. 

He  should  like  also  to  know  from  the  author,  if  possible,  what 
he  supposed  was  at  the  present  time  the  level  of  the  water  in  the 
wells  in  the  London  basin ;  he  was  aware  this  was  not  at  all  an  easy 
question  to  answer. 

With  respect  to  the  flow  of  water  through  the  fissures  of  the 
chalk,  of  course  that  was  very  large.  The  flow  was  very  much 
impeded  when  the  fissure,  as  often  occurred,  narrowed  and  enlarged 
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and  tlieu  narrowed  again.  That  was  shown  very  -well  by  the 
practice  of  the  well  sinkers  in  the  chalk,  who  when  they  found  a 
fissure  invariably  followed  it  up — if  they  were  working  in  their  own 
interest — and  endeavoured  to  enlarge  it  as  much  as  possible,  so  that 
if  they  came  to  a  conti'actiou  they  broke  it  away,  and  the  fissure 
under  those  circumstances  in  nine  cases  out  of  ten  gave  a 
considerably  increased  supply. 

Mr.  Easton  said  the  depression  of  the  water  in  the  London  wells, 
that  had  been  referred  to,  was  known  to  be  a  fact  by  everyone  who 
had  experience  in  pumping  water  from  the  chalk  under  London. 
At  the  Bank  of  England  a  constant  record  was  kept,  which  showed 
this.  The  water  in  other  wells  that  he  had  been  connected  with — 
Messrs.  Clowes',  Duke  St.,  Stamford  St.,  for  example — was  constantly 
going  down,  and  the  pumps  had  to  be  lowered.  The  Covent  Garden 
Market  well  had  been  abandoned  because  the  water  had  fallen  below 
the  bottom  of  the  well  and  so  was  beyond  the  reach  of  the  pumps ; 
and  water  had  now  to  be  obtained  from  the  water  companies  for  the 
supply  of  the  market.  The  same  was  the  case  at  other  places,  such 
as  the  Club  Chambers  in  Regent  Street.  It  was  the  fact  that  the 
Avater  level  had  been  gradually  lowering,  as  a  necessary  consequence 
of  more  wells  being  sunk  in  that  particular  source  from  which  the 
water  was  derived,  and  more  water  being  taken  from  it. 

With  regard  to  the  question  asked  about  the  water  at  Brighton 
becoming  salt,  there  was  no  risk  of  that  kind  either  at  Brighton  or 
Ramsgate  or  any  other  seaside  place  where  the  water  came  from  the 
chalk,  if  the  wells  were  not  sunk  below  the  proper  depth.  At  the 
Brighton  Water  Works  the  tunnels  driven  out  from  the  bottom  of 
the  wells  were  at  the  level  of  low- water  mark ;  and  the  water  taking 
a  certain  gradient  from  the  interior  of  the  country  to  the  sea,  the 
pressure  drove  the  fresh  water  out  against  the  pressure  of  the  salt 
water.  If  the  wells,  which  were  at  a  distance  of  a  mile  from  the 
sea,  were  to  be  sunk  deeper,  so  as  to  reverse  the  gradient,  then  no 
doubt  the  salt  water  would  get  back  into  the  wells ;  in  fact  in  one 
instance  a  well  had  been  sunk  to  too  great  a  depth,  and  instead  of 
the   tunnels  being  driven  fui'ther  the  pumping  of  the  water  was 
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continned  to  too  great  an  extent,  and  tlie  water  was  absolutely 
drawn  in  from  the  sea  into  the  well,  so  that  the  well  had  to  be 
abandoned  and  a  new  pumping  station  made.  At  Liverpool  the  case 
was  totally  different ;  if  he  remembered  rightly  the  water  m  the 
wells  there  was  considerably  more  than  100  or  150  ft.  below  the 
level  of  the  Mersey,  and  there  was  a  very  great  risk  of  drawing  salt 
water  through  the  fissures. 

With  regard  to  the  deduction  to  be  drawn  from  the  two  rises  or 
jumps  shown  for  the  present  year  in  the  diagram  of  the  water  level 
in  the  Brighton  wells,  he  thought  the  explanation  he  had  given  was 
correct ;  the  interval  between  the  rainfall  in  July  and  the  first  rise 
in  the  wells  in  the  present  year  was  about  six  months,  and  the 
interval  between  the  November  rainfall  and  the  second  rise  was 
about  four  months.  Having  studied  the  diagram  a  good  deal  he 
thought  the  greatest  height  of  water  in  the  wells  followed  generally 
three  or  four  months  after  the  greatest  mass  of  the  rainfall. 

As  to  the  particulars  asked  for  about  the  wells  in  London, 
he  had  already  collected  a  great  many  figures  and  had  hoped  to  be 
able  to  prepare  a  list  of  the  wells  with  their  yield  and  their  level  of 
water ;  but  he  had  found  it  absolutely  impossible  to  get  anything  like 
reliable  information.  Some  parties  had  been  very  kind  in  giving  all 
the  information  he  had  asked  for,  and  very  valuable  it  was ;  but 
others  had  declined  to  do  so,  and  therefore  he  had  not  attempted  to 
draw  up  a  table,  which,  unless  it  were  quite  complete,  would  not  be 
of  any  great  service.  But  from  the  calculations  which  he  had  been 
able  to  make,  knowing  really  what  must  be  consumed  at  different 
places,  and  judging  from  his  own  knowledge  of  the  district,  which 
was  considerable,  he  believed  that,  taking  the  four  zones  included 
within  circles  described  with  radii  of  1  mile,  2  miles,  3  miles,  and  4 
miles  from  Charing  Cross,  the  quantity  of  water  yielded  by  the 
wells  was  as  nearly  as  possible  about  a  million  gall,  per  day  in  each 
zone  in  the  dry  season — perhaps  a  million  and  a  quarter  in  the 
innermost  zone.  He  agreed  that  under  London  itself,  with  the 
exception  of  that  part  of  the  chalk  which  was  denuded,  as  at 
the  waterworks  at  Deptford  and  at  Grays,  it  must  not  be  expected 
to  get  out  of  one  well  much  more  than  100  gall,  per  min. ;  this 
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was  probably  about  the  proper  estimate.  Here  and  there  more 
might  be  got :  considerably  more  for  instance  at  Barclay  and 
Perkins'  brewery  Southwark,  and  at  Trafalgar  Square.  At  Meux's 
brewery  in  Tottenham  Court  Road  he  believed  a  bore-hole  bad 
been  carried  down  by  the  diamond  rock-boring  company  to  930  ft. 
without  getting  water. 

The  level  of  the  water  in  the  wells  he  was  not  able  to  give  any 
reliable  information  about,  because  it  varied  so  very  much  according 
to  the  amount  of  pumping,  and  depended  also  upon  whether  the 
springs  were  yielding  copiously  or  not.  In  those  wells  which  were 
very  much  tried,  where  the  water  was  drawn  out  to  a  considerable 
extent,  it  was  never  allowed  to  get  up  to  its  normal  level,  and 
therefore  it  was  almost  impossible  to  ascertain  what  would  be  the 
normal  level.  He  thought  what  he  had  stated  in  the  paper — from 
70  ft.  to  90  ft.  below  Trinity  high-water  mark — was  about  the 
normal  level  in  the  middle  of  London.  He  had  hoped  to  be  able  to 
draw  a  line  to  represent  the  water  level  upon  the  longitudinal  section 
exhibited,  but  he  had  found  it  was  quite  impossible  to  do  this  from 
his  own  data;  the  line  was  too  irregular,  and  would  really  have 
been  no  continuous  line  at  all.  At  Maidenhead  the  water  ran  over 
the  surface  out  of  the  chalk,  and  about  Cliefden  and  Lord  Boston's 
estate  near  Maidenhead  it  ran  into  the  river  in  the  form  of  springs ; 
and  from  there  to  the  deep  pumping  wells  under  London  the  water 
level  got  lower  and  lower,  taking  more  or  less  a  gradually  descending 
line  which  was  like  the  gradient  he  had  spoken  of  in  the  case  of 
Brighton,  only  that  the  position  of  the  water  level  in  the  London 
basin  was  disturbed  by  the  difficulty  of  the  water  getting  through 
the  diflTerent  fissures  of  the  chalk. 

The  President  proposed  a  vote  of  thanks  to  Mr.  Easton  for  the 
interesting  paper  he  had  given,  which  was  passed. 
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The  President  announced  that  the  Summer  Meeting  of  the 
Institution  would  be  held  at  Birmingham  in  July,  at  the  time 
of  the  Royal  Agricultural  Society's  Exhibition  there. 


A  vote  of  thanks  was  passed  to  the  Council  of  the  Institution  of 
Civil  Engineers  for  their  kindness  in  granting  the  use  of  their  rooms 
for  the  meeting. 


The  Meetinof  then  terminated. 
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SPECIAL     MEETING 

ON    THE    PATENT    LAWS. 


Mat  1876. 


A  Special  Meeting  of  the  Members,  called  by  requisition  for  the 
purpose  of  considering  the  Patents  for  Inventions  Bill  then  before 
the  House  of  Commons,  and  adopting  resolutions  and  a  petition  to 
Parliament  on  the  subject,  was  held  at  the  Society  of  Arts,  London, 
on  Tuesday,  16th  May,  1876;  John  R.  Ravenhill,  Esq.,  in  the 
Chair. 

The  notice  convening  the  Meeting  having  been  read, 
The  Chairman  said  that,  owing  to  a  pressure  of  business,  the 
President  and  other  members  of  the  Council  were  unexpectedly 
prevented  from  attending  the  meeting.  At  the  former  special 
meeting  held  upon  the  same  subject  in  June  1875,  Mr.  Bramwell, 
who  was  in  the  chair,  remarked  in  reference  to  the  Patent  Bill  then 
under  consideration:  —  "Nevertheless  it  might  be  revived  next 
session,  and  then  he  hoped  that  the  resolutions  and  deliberations 
of  the  present  meeting  would  have  their  weight,  or,  if  need  be,  that 
the  members  of  the  Mechanical  Engineers'  Institution  would  meet 
next  session  for  the  purpose  of  recording  their  protest  once  more 
against  the  passing  of  a  bill  so  injurious  as  he  firmly  believed  such  a 
bill  as  this  would  be  if  it  became  law,  not  only  to  inventors  but  to 
the  country  itself."  The  present  meeting  had  been  called  for  the 
further  consideration  of  this  subject. 

Mr.  R.  H.  TwEDDELL  said  he  would  not  offer  any  remarks  on  the 
question  of  the  patent  laws — whether  they  were  desirable  or  not — 
as  that  was  not  the  object  of  the  present  meeting ;  but  they  were 
he  trusted  now  met  to  confirm  the  proceedings  of  the  special  meeting 
held  last  year.  He  would  therefore,  before  moving  the  resolution  he 
had  to  propose  to  the  meeting,  merely  mention  one  or  two  facts  to 
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show  the  necessity  of  not  ceasing  to  agitate  against  the  bill  which 
was  shortly  to  come  on  for  discussion  in  the  House  of  Commons. 
He  thought  he  could  not  do  better  than  quote  what  had  been  said 
by  eminent  men  who  had  charge  of  the  bill  or  wore  otherwise 
connected  with  it.  From  a  report  of  Lord  Cairns'  speech  he  was 
stated  to  have  said : — "  I  have  never  been  a  strong  advocate  for 
patents ; "  and  after  some  other  remarks  in  a  similar  strain  he 
added : — "  I  do  not  speculate  on  what  may  happen  in  the  course  of 
years."  Lord  Cardwell  had  said: — "He  hked  the  bill  for  what 
it  did  and  undid.  What  it  undid  was  that  it  would  put  an  end  to 
the  present  system  of  patents,  which  was  injurious  both  to  the 
inventor  and  the  public,  as  well  as  the  manufacturing  industry  of 
the  country.  And  what  it  did  would  be  to  establish  in  its  place 
a  system  which  he  ventured  to  say  would  be  instrumental  in  obtaining 
the  object  he  desired — the  aboHtion  of  patents  altogether.'^  To 
quote  from  some  remarks  by  an  eminent  peer  in  a  letter  to  a  friend 
on  this  question : — "  I  am  the  less  inclined  to  take  any  part  in  the 
discussion  of  the  bill  because  I  adhere  to  the  opinion  I  adopted  many 
years  ago  when  I  had  occasion  to  look  into  the  subject,  that  our 
whole  system  of  legislation  ^vith  respect  to  patents  is  wrong,  and 
that  it  would  be  better  to  put  an  end  to  granting  them  altogether. 
It  is  pretty  clear  that  is  the  opinion  of  the  Chancellor  himself,  and 
that  he  would  prefer  a  simple  repeal  of  the  existing  acts  to  such  an 
amendment  of  them  as  he  proposes,  which  he  only  brings  forward 
in  deference  to  the  strong  Avish  expressed  by  those  interested,  and 
supported  by  the  public." 

Thus  it  seemed  pretty  clear  what  the  effect  of  the  bill  would  be 
if  passed :  certainly  not  in  consonance  with  the  views  of  the 
Mechanical  Engineers  as  represented  at  the  previous  special  meeting. 
The  discussion  on  the  resolution  which  he  now  brought  forward 
would  prove  whether  in  any  respect  the  opinions  then  expressed 
had  been  modified. 

The  resolution  was  as  follows : — 

That,  inasmuch  as  the  Patents  for  Inventions  Bill  1876,  now  before 
Parliament,  docs  not  meet  the  views  of  the  special  meeting  of  the  Institution 
held  on  the  28th  June  1875— Resolved 
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That  a  petition  be  forthwith  presented  to  the  House  of  Commons, 
embodying  such  views  in  so  far  as  they  are  applicable  to  the  present  bill  ;  and 
that  the  President  be  authorised  to  sign  the  petition  on  behalf  of  the  Institution 
of  Mechanical  Engineers. 

That  the  views  of  the  members  of  the  Institution  be  expressed  in  the 
following  terms  : — 

That  the  petitioners  are  of  opinion  that  many  of  the  provisions  in  the 
Patents  for  Inventions  Bill  1876  proposed  by  the  Lord  Chancellor  are  contrary 
to  public  policy,  and  an  interference  with  the  admitted  rights  of  inventors  and 
others  connected  with  property  in  inventions. 

That  the  bill  would  be  much  worse  in  its  operation  than  the  act  of  1852, 
for  the  following  reasons,  amongst  others,  namely  : — it  would  give  unlimited 
power  to  the  Lord  Chancellor  to  stop  patents,  as  well  as  to  a  large  extent  to 
control  the  terms  on  which  they  should  be  used ; — it  would  not  appoint 
paid  commissioners  to  manage  the  office ; — it  would  abolish  provisional 
specifications ; — and  it  would  appoint  examiners,  who  would  be  practically 
irresponsible,  who  would  have  the  power  of  reporting  against  the  applications 
for  patents,  on  grounds  of  which  they  frequently  could  not  possibly  judge. 

That  any  preliminary  examination  of  applications  for  letters  patent  which 
may  be  hereafter  instituted  should  not  extend  beyond  the  questions  whether 
the  specification  is  clear,  and  whether  the  invention  is  open  to  objection  on  the 
ground  of  want  of  novelty,  regard  being  had  to  prior  publications  in  the 
patent  office. 

That  an  adverse  report  should  not  disentitle  an  applicant  to  a  patent. 

That  in  lieu  of  the  proposed  publication  of  reports,  which  would  in  many 
instances  operate  unjustly,  the  applicant  should  merely  be  required  to  insert  in 
his  specification  a  clear  and  definite  reference  to,  and  an  acknowledgment  of 
the  existence  of,  the  prior  matter  found  and  pointed  out  by  the  patent  office 
officials,  with  a  clear  statement  of  what  he  claims  notwithstanding. 

That,  inasmuch  as  the  changes  in  the  law,  proposed  by  the  bill  now  before 
Parliament,  differ  materially  from  the  recommendations  of  the  Royal 
Commission  of  1865  and  of  the  Select  Committee  of  1872,  it  is  expedient  that 
no  legislation  on  the  basis  of  the  bill  now  before  Parliament  should  take  place, 
without  special  reference  to  a  Select  Committee. 

Mr.  T.  R.  Orampton,  in  seconding  the  resolution,  said  the  object 
now  was  to  pass  a  resolution  embodying  the  resolutions  that  were 
passed  last  year.  It  appeared  that  the  bill  was  hardly  altered  from 
that  of  last  year;  as  he  understood  it,  engineers  as  a  body  objected 
to  the  bill  entirely,  as  being  very  injudicious  and  one  which  would 
be,  if  passed  in  its  present  state,  very  prejudicial  both  to  themselves 
and  the  public. 
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Mr.  W.  Smith  wished  to  call  attention  to  the  necessity  of  dealing 
with  this  question  on  a  different  footing  from  that  on  which  it  had 
been  put  by  the  seconder  of  the  resolution.  It  was  perfectly  certain 
that  if  a  bill  were  entirely  objected  to  there  was  only  one  thing  to  be 
done, — to  get  it  withdrawTi ;  but  certainly  that  was  not  what  was 
wanted.  He  differed  from  the  seconder  on  that  point,  because  what 
was  wanted  was  legislation  in  a  certain  direction,  which  had  been 
indicated  not  only  at  the  previous  special  meeting  of  the  Institution, 
but  also  at  several  meetings  held  at  the  Society  of  Arts,  when  the 
question  was  discussed  whether  patents  for  invention  were  a  proper 
mode  of  rewarding  inventors  for  their  study  and  devotion.  He 
thought  that  subject  had  been  dealt  with  very  exhaustively  on  those 
occasions,  and,  as  the  proposer  of  the  resolution  had  very  properly 
put  it,  the  present  meeting  was  not  held  to  discuss  that  question. 
That  had  been  settled  so  very  satisfactorily  in  the  affirmative,  that 
he  thought  the  question  now  was  whether  there  should  be  such  a 
modification  in  the  present  bill  as  would  meet  the  views  of  those 
who  had  taken  an  interest  in  the  question,  not  only  on  behalf  of 
inventors  but  also  on  behalf  of  the  manufacturing  industries  of  the 
country,  to  which  industries  this  country  owed  its  great  position  for 
wealth  and  power.  But  for  the  protection  afforded  to  inventors  and 
inventions,  this  country  would  be  in  a  totally  different  position  from 
that  which  it  now  occupied.  He  thought  therefore  that  there  must 
^ot  be  a  simple  negative  to  the  bill,  but  it  must  be  determined  what 
was  wanted  in  the  shape  of  modifications  in  the  Lord  Chancellor's 
bill,  which  was,  he  considei'ed,  a  most  objectionable  production  as 
a  legislative  measure,  and  violently  opposed  to  public  policy. 

Mr.  W.  E.  Newton  quite  agreed  with  the  last  speaker  in 
reference  to  the  way  of  dealing  with  this  question.  He  thought 
it  would  be  very  improper,  in  a  meeting  of  the  Institution  of 
Mechanical  Engineers — a  representative  body  of  the  talent  of  the 
country  in  mechanical  engineering — that  this  question  should  simply 
be  met  with  a  negative.  He  considered  it  was  their  duty  to  point 
out  what  things  ought  to  be  done,  and  not  simply  to  give  the 
bill  a  negative.     He  did  not  quite  agree  however  in  all  the  objections 
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which  had  been  expressed  with  regard  to  this  bill ;  it  certainly 
was  an  improvement  on  the  bill  of  last  year;  and  he  thought 
if  the  question  were  fairly  dealt  with,  and  certain  alterations  were 
put  clearly  before  the  House  of  Commons,  the  bill  would  be  made  a 
very  fair  act  for  the  protection  of  industry.  There  was  no  doubt 
the  present  law  was  defective  in  many  points.  He  saw  that,  since 
last  year,  there  had  been  one  or  two  things  put  into  the  proposed  bill 
which  certainly  were  beneficial  to  the  interests  of  inventors  at  large ; 
but  he  was  quite  ready  to  agree  in  the  opinion  that  this  bill,  if  it 
passed  in  anything  like  its  present  shape,  would  be  a  very  bad  thing 
for  the  manufacturing  industry  of  the  country  and  for  inventive 
ingenuity  at  large.  It  appeared  to  him  desirable  therefore  to  set 
forth,  in  clear  and  straightforward  language,  what  it  was  thought 
ought  to  be  done  with  reference  to  certain  clauses. 

He  held,  and  he  believed  it  was  held  pretty  generally  among 
patent  agents — who  were  perhaps  as  good  judges  of  the  question 
as  could  very  well  be  found — that  the  existing  act  of  1852,  if  it  were 
really  properly  carried  out,  would  do  almost  as  much  as  the  present 
bill  proposed  to  do,  without  laying  the  inventor  open  to  some  of  the 
difficulties  that  this  bill  would  involve  him  in ;  and  the  reason  was 
that  in  the  existing  act  there  were  powers  given  to  the  Commissioners 
which  they  had  never  exercised  in  the  least  and  had  never  tried  to 
exercise.  For  instance,  the  great  feature  of  the  bill  was  to  enter 
upon  a  very  exhaustive  examination  of  patents,  for  the  purpose  of 
throwing  out  what  might  be  called  frivolous  inventions ;  but  if  that 
were  really  the  intention — if  it  were  really  desirable  that  a  very 
exhaustive  examination  of  patents  should  be  carried  out — this  could 
be  done  very  well  under  the  present  law,  because  the  Commissioners 
had  all  the  power  to  appoint  all  the  officers  necessary  for  any  such 
purpose,  whether  they  were  called  examiners  or  clerks  ;  he  was  sure 
all  who  knew  anything  about  the  present  law  would  agree  with  him 
that  it  was  quite  possible  to  appoint  all  those  officers,  and  to  have  as 
exhaustive  an  examination  of  the  subject  as  could  possibly  be  done 
under  the  proposed  bill.  But  the  question  now  was,  why  was  not 
this  done ;  and  he  thought  the  reason  could  be  shown.  The  patent 
office  was  an  office  administered  in  a  very  peculiar  way ;  there  was 
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no  master,  but  all  were  clerks,  and  nobody  bad  any  power  to  do 
anytbing  except  simply  wbat  be  was  told.     Mr.  Bennet  Woodcroft 
was  supposed  to  be  at  the  head  of  the  office  ;  but  be  took  great  care 
(and  be  was  justified  in  it)  not  to  do  a  single  thing  he  was  not 
compelled  to  do  or  that  was  not  set  down  for  him  to  do.     Now  if  there 
were  Commissioners  sitting  there,  with  power  to  order  certain  things 
to  be  done,  a  much  more  satisfactory  state  of  things  would  probably 
be   obtained  than  at  present  existed.     The  present  bill  proposed 
to  empower  the  Queen  to  appoint  three  or  more  commissioners ;  but 
these  commissioners  were  supposed  to  act  as  honorary  commissioners 
and  were  not  to  be  paid.     He  himself  was  of  opinion  that  unpaid 
services  were  not  worth  much.    What  was  wanted  was,  not  a  number 
of  gentlemen  high  up  in  the  legal  profession — the  Lord  Chancellor,  the 
Master  of  the  Rolls,  the  Attorney  and  Solicitor  General,  the  Attorney 
and  Solicitor  General  for  Ireland,  the  Lord  Advocate  and  Solicitor 
General   for   Scotland,  and  all  those  gentlemen  who  never  came 
personally   and   bad  not  done  so  since  1852.      There  was  no  one 
of  these  who  had  ever  taken  the  least  interest  in  the  working  of  the 
patent  law,  except  the  Lord  Chancelloi*,  the  Master  of  the  Rolls, 
and  the  Attorney  and  Solicitor  General,  for  the  time  being;  and 
until    the    present    government    came    into    power    not   a   single 
commissioner  had  ever  been  seen  inside  the  patent  office  for  eighteen 
months.     But  if  there  were  three  or  four  paid  commissioners,  who 
were   responsible   for   the   proper  working  of  the  law,   then  most 
likely   things   would   be   carried  out  in  a  very  different  way.     Of 
course  he  was  quite  willing  to  admit  that,  if  it  were  possible  for  the 
present  commissioners,  with  their  multifarious  duties,  to  attend  to  this 
business,  they  were  men  who  were  perfectly  competent  to  do  it,  so 
far  as  making  rules  and  orders  was  concerned ;  but  they  were  not 
the  men  to  administer,  they  had  not  the  time,  and  that  was  one  of 
the  reasons  why  it  became  necessary  to  make  further  alterations 
in   this   bill.      He  bad   met  a  number  of  other    patent  agents  to 
discuss  this  question,  and  they  had  come  to  the  conclusion  that  to 
refer  patents  or  inventions  to  the  law  officers  of  the  crown  was 
simply  a  delusion  ;  they  could  not  possibly  attend  to  the  matter,  the 
business  was  increasing  day  by  day,  and  to  suppose  that  those 
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gentlemen  with  their  many  duties  could  possibly  enter  into  it  was 
a  complete  delusion.  But  if  there  were  three  paid  commissioners 
who  could  appoint  a  proper  and  efficient  staff,  things  would  probably 
be  properly  attended  to,  but  not  otherwise. 

It  had  therefore  been  suggested  that  wherever  the  words  "law 
officer"  occurred  in  the  bUl  the  word  "commissioners"  should  be 
placed  ;  so  that  when  the  examiners  were  appointed  they  should 
report  to  the  commissioners  and  not  to  the  law  officer.  The  main 
thing  he  wanted  to  insist  upon  was,  that  there  should  really  be  three 
paid  commissioners,  and  that  they  should  be  appointed  not  for  their 
legal  knowledge,  which  was  not  wanted,  but  for  their  scientific 
knowledge ;  and  that  they  should  have  power,  together  with  the 
other  commissioners,  of  course  under  the  present  act,  to  make  rules 
and  orders  for  conducting  the  business  of  the  patent  office.  He  did 
not  agree  in  putting  a  negative  on  the  proposed  bill  entirely,  because 
he  thought  this  could  not  be  successfully  done,  as  the  present 
government,  if  determined,  could  carry  the  bill ;  but  he  thought  it 
was  quite  possible  so  to  alter  and  modify  it  and  correct  mistakes  as 
possibly  to  get  the  things  done  which  were  necessary. 

The  Chairman  remarked  that  it  was  proposed  to  refer  the  bill  to 
a  Select  Committee;  and  his  own  feeling  was  that  the  thin  end  of  the 
wedge  would  be  more  likely  to  be  introduced  if  the  bill  went  before  a 
Select  Committee  than  if  it  were  attempted  to  alter  the  clauses  and 
get  some  one  to  argue  in  favour  of  the  alterations  in  the  House  of 
Commons  when  the  debate  came  on.  He  thought  that  evidence 
before  a  Select  Committee  would  be  far  more  beneficial  than 
attempting  to  alter  clauses. 

Mr.  Crampton  did  not  intend  his  observations  to  go  to  the  extent 
of  throwing  out  the  bill.  He  felt  that,  if  such  an  important  matter 
could  be  brought  before  a  Select  Committee,  so  many  new  facts  had 
arisen  since  the  last  Select  Committee  was  formed,  that  he  was 
perfectly  sure  proper  legislation  would  follow  the  appointment  of 
such  a  Committee. 
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Admiral  Selwtn  said  that,  as  a  Vice-President  of  the  Inventors' 
Institute,  he  had  attended  several  meetings  held  with  the  object  of 
discussing  this  patent  bill ;   and  after  considerable  examination  and 
discussion  the  conclusion  had  been  arrived  at  that  the  bill  betrayed 
strong  symptoms  of  "  mala   fides,"   that  is,  that  it   was   brought 
forward   for   the   purpose   of   extinguishing  patents   for   invention 
under  the  colourable  pretext  of  improving  and  amending.     It  had 
therefore  been  decided  that  the  best  course  to  take — and  he  would 
urge   it   for   the   consideration   of    the   Institution   of   Mechanical 
Engineers — was  simply  to  fall  back  on  an  affirmation  of  the  principles 
on  which  patents  were  granted  for  inventions,  and  to  show  broadly 
that  it  was  not   the   claimer  of   the  patent  but   the   public  who 
required  such  a  stimulus  as  could  be  given  by  protection  of  inventions, 
in  order  that  the  state  might  profit  by  invention.     This  was  the  view 
on  which  the  statute  of  monopoly  had  been  passed,  and  this  had 
been  the  view  on  which  previous  legislation  had  taken  place ;  but  if 
the  Lord  Chancellor  was,  as  he  appeared  to  be,  convinced  of  the 
necessity  of  doing  away  with  the  patent  laws  altogether,  it  could 
scarcely  be  expected  that  any  modification  of  the  bill   would   be 
successful  so  as  to  suit  the  interest  to  which  he  was  opposed.     The 
meetings  to  which  he  had  referred  had  therefore  afl&rmed  some  very 
broad  principles.     First,  that  public  polity  required  that  inventions 
should  receive  protection.     Secondly,  that  that  protection  ought  to 
be  put  on  the  same  basis  as  protection  to  all  other  property  realised 
by  industry  in  the  state.     Thirdly,  that  a  correct  registration  of 
inventions  should  be  made  at  the  patent  office  ;  that  the  duration  of 
patents  should  be  assimilated  to  the  duration   of  copyright;  and 
that  the  fee  to  be  paid  on  those  inventions — in  consideration  of  the 
fact  that  every  successful  invention  contributed  an  enormous  amount 
in  income-tax  to  the  state,  besides  the  profit  made  on  every  transaction 
under  it — should  only  be  such  as  had  been  proved  to  be  sufficient 
for  the  purposes  of  registration    and  examination   in   the    United 
States,  or  something  very  nearly  approaching  to  it,  in  order,  not  to 
relievo  the  pockets  of  those  who  were  perfectly  well  able  to  afford 
the  outlay   on   successful   patents,   but  to   enable   the   technically 
educated  brains  of  the  workman  in  manufacturing  and  mechanical 
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engineering  to  receive  due  protection  whenever  he  exerted  them  to 
good  purpose.  In  such  a  way  alone  could  the  wealth  of  the  state 
be  built  up  ;  and  it  was  for  these  reasons  that  this  broad  view  of  the 
question  had  been  taken.  It  was  felt  that  they  could  not  hope  to  go 
to  the  House  of  Commons  and  fight  clause  by  clause  of  this  bill 
with  which  they  materially  disagreed  ;  but  they  could  hope  to  bring 
about  such  a  state  of  feeling  in  the  House  of  Commons  as  would 
cause  it  to  be  seen  that  the  principle  was  not  a  wise  basis  to  legislate 
upon,  that  inventions  neither  needed  nor  deserved  protection.  He 
suggested  for  the  consideration  of  mechanical  engineers  whether  they 
were  not  above  every  one  else  interested  in  promoting  every 
protection  that  could  be  given  to  inventions,  for  in  no  other  than  the 
mechanical  arts  wei'e  so  many  inventions  of  great  value  made, 
dropped,  and  lost,  simply  because  the  workman  who  devised  what  he 
called  in  his  shop  "  dodges "  never  saw  his  way  towards  getting 
them  protected,  and  so  they  dropped  out  of  existence  altogether. 
Patents  were  devised  to  prevent  such  cases  recurring. 

The  question  whether  patents  should  be  subject  to  the  law  officers 
or  not  had  been  ably  put  by  a  previous  speaker.  It  was  certain  that 
no  department  in  the  state  woiild  be  well  administered  if  it  had 
to  be  constantly  referred  to  them.  Suppose,  for  instance,  that  the 
admiralty  or  the  military  department  were  always  to  be  referred 
to  the  law  officers  or  the  judges,  all  of  whom  were  known  to  have 
more  work  in  their  own  departments  than  they  could  overtake ; 
what  result  could  be  expected  ?  what  therefore  was  the  use  of 
piling  on  more  work  for  the  mere  purpose  of  keeping  great  names 
before  the  public  as  heads  of  departments  ?  The  real  working  men 
of  the  departments  were  those  who  were  familiar  with  the 
everyday  transactions  in  them. 

The  resolution  he  hoped  would  receive  the  full  support  of  the 
meeting,  except  as  to  the  clause  about  referring  the  bill  to  a  Select 
C(jmmittee.  He  was  sorry  to  say  that  those  committees  had  arrived 
at  conclusions  which  were  the  reverse  of  being  secure  in  their 
grounds  or  correct  in  their  reasoning.  Persons  strongly  interested  in 
taking  inventions  from  inventors  without  paying  for  them  appeared 
before  those    committees   and   worked   very  strongly  indeed ;    but 
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inventors  and  tlie  public,  the  persons  principally  affected,  were  really 
then  represented  very  feebly  as  to  numbers,  though  perhaps  strongly 
as  to  intellect.  Having  gone  through  all  the  recommendations  of 
the  previous  committees,  he  was  of  opinion  that  they  had  arrived 
at  conclusions  generally  which  would  entitle  the  Lord  Chancellor  to 
think  that  no  protection  at  all  was  better  than  such  protection  as 
those  committees  recommended.  He  thought  that  a  general  petition, 
coming  as  it  did  from  many  other  bodies,  might  fairly  be  supported 
by  this  Institution,  to  the  effect  that  the  present  system  was  not 
satisfactory,  that  the  present  bill  did  not  provide  for  sufficient 
amendments  of  it,  and  that  the  main  basis  of  legislation  should  be 
on  the  broad  principle  that  inventions  were  mainly  a  benefit  to  the 
state,  and  not  alone  to  inventors  as  had  been  supposed. 

]\Ir.  W.  Smith  thought  the  point  before  the  meeting  was  whether 
to  go  for  certain  amendments  on  the  most  flagrantly  objectionable 
features  of  the  bill,  or  whether  to  carry  this  resolution,  which 
certainly  did  point  to  the  bill  being  referred  to  a  Select  Committee. 
If  the  bill  were  referred  to  a  Select  Committee,  he  beheved  there 
would  be  no  legislation  on  it  for  another  ten  years ;  that  was  one  of 
the  main  difficulties.  The  attempts  which  the  Lord  Chancellor  had 
made  to  educate  the  mind  of  the  public  to  the  desirability  of 
aboh'shing  the  law  of  protection  for  invention  had,  he  thought,  done 
their  work  very  mischievously.  Inventors  he  was  afraid  were  of 
that  unfortunate  class  who  were  not  easily  stirred  to  activity,  and 
who  least  of  all  understood  their  own  interests,  and  were  the  least 
disposed  to  move  in  a  direction  likely  to  be  useful.  Such  meetings 
as  the  present  did  a  great  deal  of  good  by  opening  up  the  question, 
and  the  public,  so  far  as  inventors  were  concerned,  had  recently 
taken  a  much  more  lively  interest  in  it.  But  if  this  bill  were  referred 
back  to  a  Select  Committtee,  legislation  could  not  be  expected  in 
less  than  ten  years ;  and  in  the  meantime  the  public  interest  would 
have  flagged,  and  that  which  had  now  been  done  would  have  become 
stale  and  unprofitable.  It  would  be  a  pity  he  thought  to  divide 
the  meeting  upon  the  first  part  of  the  resolution  ;  and  he  thought  the 
riglit  thing  to  do  would  be  to  petition  the  House  <;f  Coinmons  for 
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an  alteration  of  the  various  objectionable  features  which  were  visible 
on  the  face  of  the  Lord  Chancellor's  bill.  The  point  was  this :  the 
body  of  the  bill  did  not  give  satisfaction,  and  certain  remedies  were 
proposed ;  but  to  refer  it  back  to  a  committee  he  thought  would  be 
a  great  mistake. 

Sir  Henry  Cole  said  that,  having  taken  some  part  more  than 
twenty  years  ago  in  eflFecting  a  reform  in  the  patent  law,  his  conviction 
was  that  if  the  present  law  were  effectually  worked  a  new  law  would 
not  be  wanted  at  all.  That  was  a  very  general  opinion  among  patent 
agents,  and  even  among  some  patent  lawyers  but  not  all ;  for  lawyers 
got  hold  of  this  matter  by  tradition,  and  did  not  seem  disposed  to  give 
it  up  if  they  could  help  it.  Inventors  generally  complained,  some  with 
justice  and  others  not  quite  with  justice,  that  the  present  Avorking 
of  the  patent  law  was  too  costly.  If  the  present  enormous  revenue 
of  the  patent  office — which  was  something  fabulous,  amounting  to 
as  much  as  £180,000  or  £190,000  per  annum — instead  of  being  put 
into  the  exchequer  and  made  a  source  of  revenue  which  was  never 
intended,  were  applied  to  making  the  patent  law  as  good  as  possible 
and  to  providing  efficient  and  responsible  officers,  it  would  be  the 
right  application  of  the  money.  Reports  could  then  be  obtained  as 
to  whether  inventions  were  good  or  bad  or  indifferent — the  reports 
to  stand  for  what  they  were  worth, — and  a  suitable  museum  obtained 
instead  of  having  one  which  was  a  wretched  abortion  and  a  disgrace 
to  the  country.  Not  a  single  Lord  Chancellor,  who  stood  at  the 
apex  of  this  work,  had  ever  cared  for  this  museum.  When  Lord 
Selbome  was  asked  whether  he  had  been  there,  he  said  "  I  admit 
it  is  as  bad  as  possible,  but  I  know  nothing  about  it."  It  was 
very  little  short  of  a  constitutional  fraud,  he  thought,  to  be  taking 
£180,000  a  year  by  the  agency  of  this  patent  law,  and  doing  nothing 
with  it,  doing  nothing  for  the  museum,  nothing  for  specifications, 
nothing  for  the  reporting  of  examiners ;  and  then  coming  forward 
with  a  bill  like  this,  which  was  full  of  antiquated  absurdities. 
Admiral  Selwyn  had  spoken  about  the  absurdity  of  the  Lord 
Chancellor  being  at  the  head  of  this  business;  a  lawyer  was  not 
wanted  at  the  head  of  the  business,  any  more  than  a  Lord  Chancellor 
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was  wanted  at  the  head  of  the  Charity  Commission  or  the  Civil 
Service  Commission  or  the  Board  of  Trade.  It  was  not  a  question 
of  law,  but  of  common  sense,  in  which  men  of  business  were  most 
particularly  interested.  Inventors  were  the  great  parties  interested 
in  this  matter,  and  it  would  be  theii'  own  fault  if  they  did  not  work 
this  question  until  they  got  right  principles  adopted.  The  idea  of 
having  a  Lord  Chancellor,  with  half-a-dozen  irresponsible  unpaid 
and  overworked  officers  to  attend  to  this  business,  was  one  of  those 
fallacies  that  had  been  exploded  forty  years  ago  by  Jeremy  Bentham 
and  everybody  else  who  had  thought  of  the  subject  of  administration. 
The  whole  notion  of  a  lawyer  to  manage  this  business  was  altogether 
indefensible.  People  went  to  the  law  when  they  Avanted  the  law  ;  but 
when  they  wanted  to  know  whether  a  man  was  making  a  true  state- 
ment or  not  about  an  invention,  or  a  comparatively  intelligible 
statement,  or  to  manage  a  museum,  they  did  not  want  lawyers. 

Then  another  thing  was  the  appropriation  of  the  fees.  If 
desired  the  fees  might  be  applied  under  proper  rules  to  do  all  the  good 
possible  for  the  object  in  view  ;  but  to  send  them  into  the  sea  of  the 
exchequer  was  in  his  opinion  wholly  indefensible.  The  Lord 
Chancellor  had  got  impressed  with  the  idea  that  a  number  of 
statesmen  believed  patents  to  be  bad  things.  That  conclusion 
however  he  thought  had  really  not  been  generally  arrived  at,  and 
the  world  did  think  invention  was  a  useful  thing  and  was  worthy 
of  protection  ;  he  did  not  want  to  discuss  the  rights  of  property, 
but  he  thought  common  sense  would  say  thus  much.  There  were 
some  persons,  he  knew,  who  were  sceptical  on  that  point,  and  they 
had  wrought  a  certain  amount  of  conviction  in  the  public  mind  ;  but 
he  did  not  think  society  was  quite  ripe  yet  for  getting  rid  of  patents, 
and  therefore  they  would  be  kept.  The  only  question  was  how  they 
should  be  administered  rightly.  On  the  face  of  it  the  present  bill 
seemed  to  him  to  be  a  bad  bill.  He  noticed  one  improvement 
over  the  existing  law,  which  was  the  great  seal  was  to  be  dispensed 
with,  and  the  fee  was  to  be  paid  by  a  stamp.  That  was  however  a 
very  small  matter,  and  it  seemed  to  him  about  the  only  improvement 
in  the  bill.  If  the  present  law  were  honestly  worked — if  the 
government  could  be  compelled  to  work  it  honestly,  and  were  allowed 
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no  peace  till  they  did, — in  his  opinion  there  would  be  no  want  for 
any  new  law  at  all. 

He  was  quite  iu  favour  of  giving  every  inventor  the  right  to  get 
his  registration  as  complete  as  it  could  be  made,  and  of  letting  him 
have  it  at  no  greater  cost  than  the  cost  of  doing  it.  But  he  thought 
after  an  inventor  had  taken  out  his  right,  supposing  it  to  last  for  three 
years,  there  was  a  great  advantage  in  the  process  of  settling  whether 
it  was  worth  his  while  to  keep  it  or  not  by  calling  upon  him  to 
pay  £10  or  £20  or  £50  at  the  end  of  three  years.  There  was  no 
doubt,  if  a  man  had  perfected  his  invention  after  three  years,  some 
capitalist  would  then  be  found  who  was  prepared  to  fuz'nish  the 
money.  That  was  a  good  way  he  thought  of  getting  rid  of  useless 
patents — testing  them  by  the  question,  were  they  worth  £50  or  £100 
at  a  certain  period  ;  whether  the  period  should  be  louger  or  shorter 
he  did  not  say. 

Whether  or  not  the  present  bill  would  get  through,  he  supposed 
was  very  doubtful ;  if  inventors  and  others  raised  a  sufficient  outcry 
against  it,  probably  the  Government  would  then  give  in.  It  was 
said  that  the  Lord  Chancellor  had  been  talked  to  by  some  gentlemen 
who  did  not  like  patents  and  who  found  them  in  their  way.  But  what 
could  the  Lord  Chancellor  know  about  patents  as  affecting  mechanical 
or  scientific  inventions  ?  He  was  not  connected  with  these  subjects ; 
he  was  a  profound  lawyer,  and  when  the  law  had  to  be  interpreted 
he  was  the  proper  authority  to  go  to  ;  but  when  mechanical  questions 
had  to  be  interpreted,  a  scientific  man  ought  to  be  applied  to.  The 
best  plan  he  thought  would  be  to  go  against  the  bill  altogether. 

Mr.  H.  A.  Fletchek  hoped  the  resolution  would  be  passed 
unanimously,  because  he  thought  the  bill  before  the  House  of 
Commons  was  so  radically  bad  that  it  would  be  impossible  to  improve 
it.  As  the  last  speaker  had  said,  the  only  advantage  which  inventors 
would  get  was  that  instead  of  having  a  great  seal,  several  inches 
diameter  and  containing  a  couple  of  pounds  of  wax,  there  would  be  a 
stamp  in  its  place.  With  regard  to  the  cost  of  patents,  to  his  mind  the 
greatest  grievance  with  which  inventors  had  to  contend  under  the 
present  system  was  that  of  the  stamp  duties,  of  £50  at  the  end  of 
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three  j'cars,  and  at  the  eud  of  seven  years  £100.  Many  inventions 
could  not  be  perfected  and  brought  to  a  financial  success  in  three 
years  or  even  in  seven  years ;  therefore  he  thought  the  system  of  stamp 
duties  pressed  exceedingly  hard,  not  only  upon  the  working  men  but 
also  upon  another  class — the  small  masters, — who  were  perhaps 
strusrerhnsT  to  establish  themselves  in  business  with  insufficient 
capital  and  in  the  face  of  great  competition,  and  perhaps  their  only 
chance  of  doing  so  was  to  make  some  improvement  for  which  they 
took  out  a  patent.  It  did  press  hard  upon  men  of  that  class  if  these 
stamp  duties  happened  to  become  payable  when  times  were  bad,  or 
when  the  demand  for  the  particular  article  or  invention  that  they 
had  patented  was  not  very  great.  No  improvement  in  the  patent 
laws  could  be  satisfactory  to  inventors  generally  in  which  these 
stamp  duties  of  £50  and  £100  were  retained.  In  their  place  he 
would  have  a  system  of  small  annual  payments. 

Mr.  A.  J.  MuNDELLA,  M.P.,  understood  the  resolution  to  express 
dissatisfaction  with  the  proposed  measure  before  Parliament,  and  to 
request  that  it  should  be  referred  to  a  Select  Committee ;  and  the 
question  under  discussion  was  whether  it  was  better  to  refer  it  to  a 
Select  Committee  or  not.  That  depended  entu'ely  upon  whether  the 
bill  was  capable  of  amendment  or  not.  If  the  bill  was  incapable  of 
amendment,  the  best  thing  was  to  move  its  rejection  at  once ;  but 
those  who  were  in  favour  of  that  course  should  bear  in  mind  that 
they  were  not  strong  enough  to  procure  its  rejection.  It  was  of  no 
use  for  them  to  move  and  carry  that  I'esolution,  unless  they  could 
carry  it  in  the  House  of  Commons.  The  Government  possessed  a 
very  large  majority  in  that  House  ;  very  few  members  knew  anything 
about  patents,  and  there  was  an  immense  dead  weight  of  county 
members  who  would  do  exactly  what  they  were  told;  and  how 
could  it  be  expected,  by  any  process  adopted  at  the  present  meeting, 
to  procure  the  rejection  of  a  measure  that  had  passed  through  the 
House  of  Lords  and  come  down  to  the  House  of  Commons  with 
the  influence  and  recommendation  of  the  Lord  Chancellor  ?  Notice 
bad  been  given  in  the  House  by  Mr.Dillwyn  to  move  that  the  bill  be 
read  a  second  time  "this  day  six  months"  whenever  it  came  on. 
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That  motion  he  should  be  glad  to  support,  if  he  believed  it  was 
impossible  to  get  the  bill  referred  to  a  Select  Committee  ;  and  if  the 
Government  refused  to  refer  it  to  a  Select  Committee  he  would  vote 
for  its  rejection.  It  was  "  better  to  bear  the  ills  we  have,  than  fly  to 
others  that  we  know  not  of."  He  was  quite  clear  as  to  the  object 
and  scope  of  the  proposed  bill  ;  these  were  very  well  described  in  a 
few  words  used  last  year  by  Mr.  Siemens,  who  said  that  "  In  Prussia 
there  was  a  system  of  examination  with  a  bias  against  the  patent 
altogether.  It  appeared  to  him  that  under  the  provisions  of  the 
present  bill  the  examinations  would  approach  more  nearly  to  those  of 
Prussia ;  the  Commissioners  appointed  would  be  instructed  to  seek 
for  an  excuse  to  refuse  the  application,  rather  than  to  try  to  modify 
the  application  in  such  a  way  as  to  give  the  applicant  the  benefit  of 
a  patent."  The  bill  was  put  forward  by  gentlemen  who  believed 
that  patents  were  bad  things  and  who  desired  to  strangle  them 
altogether ;  they  found  that  public  opinion  was  too  strong  for  that, 
therefore  they  desired  to  minimise  the  evil  (to  use  their  own 
expression).  This  was  what  they  had  said  pretty  much  in  public, 
and  this  was  why  the  bill  had  received  such  cordial  assent  from  Lord 
Selborne,  Lord  Granville,  and  other  opponents  of  patents ;  and  this 
was  why  it  would  be  welcomed  in  the  House  of  Commons.  He  was 
quite  sure  that  if  this  bill  passed  in  its  present  shape  the  inventors 
in  this  country  would  be  infinitely  worse  ofi"  than  they  were 
under  the  existing  law.  There  was  no  comparison  between  the  evils 
existing  under  the  present  law  and  those  which  would  exist  under 
the  bill  now  before  Parliament.  Commissioners  were  proposed  to  be 
appointed  to  investigate  questions  of  novelty  and  utility  and  to 
declare  whether  the  patents  applied  for  were  frivolous  or  not ;  but 
when  they  were  appointed  for  the  express  purpose  of  finding  out 
that  the  patents  applied  for  were  frivolous  and  not  novel,  the 
inevitable  result  would  be  that  the  majority  of  applications  must  be 
rejected.  He  had  heard  it  well  remarked  that  Mr.  Bessemer  and 
some  of  the  most  important  inventors  of  modem  times  would 
never  have  got  patents  under  such  an  arrangement.  There  was  no 
doubt  a  tendency  in  the  minds  of  a  number  of  statesmen  to 
discourage  patents  and  get  rid  of  them  altogether ;  he  believed  it 
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to  be  an  infatuation,  but  the  fact  must  be  recognised.  There  was 
the  present  Lord  Chancellor,  the  late  Lord  Chancellor,  Lord 
Granville,  and  many  other  influential  men  among  the  peers ;  then 
there  was  Mr.  Justice  Grove,  and  Sir  William  Armstrong.  He  could 
quite  understand  Sir  William  Armstrong's  position :  his  invention 
was  a  gvin,  and  he  could  go  to  the  Government  and  obtain  a 
handsome  reward  for  it,  because  it  was  an  invention  which  only  the 
Government  could  properly  appreciate  and  reward  ;  but  suppose  he 
invented  a  new  spinning-jenny  as  Arkwright  did,  what  chance  would 
he  have  of  getting  from  the  Government  a  pecuniary  reward, 
however  meritorious  his  invention  might  be. 

He  would  ask  the  meeting  to  be  unanimous  on  this  subject.  It 
had  been  said  that  if  this  matter  were  referred  to  a  Select  Committee 
it  might  be  ten  years  before  any  further  legislation  was  obtained. 
But  rather  than  have  things  as  they  were  proposed  to  be  made,  they 
had  better  remain  ten  years  as  they  were,  simply  deferring  the  time 
when  inventors  would  be  strangled  ;  it  was  a  case  of  prolonging 
existence.  The  bill  he  believed  was  capable  of  amendment,  and  if 
engineers  and  inventors  generally  would  make  up  their  minds  as  to 
what  amendments  were  wanted,  and  would  agree  upon  them  and 
formulate  their  demands,  and  the  matter  were  then  referred  to  a 
Select  Committee,  in  a  fortnight  or  three  weeks  witnesses  could  be 
brought  before  that  Committee  to  show  the  necessity  for  modifying 
the  bill ;  he  did  not  believe  a  Committee  would  report  against  the 
petitioners. 

With  regard  to  the  litigation  which  arose  from  patents,  there 
were  two  or  three  thousand  patents  a  year  that  worked  smoothly 
enough  without  any  litigation  whatever.  He  had  himself  been  a 
patentee  for  twenty-five  years,  and  his  firm  had  had  about  twenty 
patents,  and  he  was  sure  all  their  litigation  would  be  covered  by  a 
very  small  amount  indeed ;  there  had  been  very  little  vexation  and 
inconvenience,  and  that  he  believed  was  the  experience  of  most 
patentees. 

He  believed  a  Select  Committee  would  report  in  favour  of 
inventors,  but  if  inventors  did  not  succeed  in  getting  a  report  in 
their  favour  they  would  only  be  in  the  position  they  were  in  today ; 
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and  they  could  then  fight  in  the  House  of  Commons.  But  if  they 
wanted  to  do  anything  efiectual  they  must  agree  amongst  themselves, 
formulate  their  demands,  and  place  them  before  an  intelligent 
Committee  of  the  House  of  Commons.  The  resolution  as  it  stood 
he  believed  was  the  best  possible  resolution. 

Mr.  Crampton  could  not  but  notice  what  Mr.  Mundella  had  said 
with  regard  to  their  having  one  common  object.  There  appeared  to 
have  been  several  meetings  acting  independently.  Such  an  operation 
certainly  could  not  be  carried  through  satisfactorily  unless  all  who 
were  interested  could  unite  into  one  common  centre  from  which  to 
radiate  their  views  and  opinions.  This  question  he  thought  should 
not  be  independently  mooted  by  dijfferent  bodies,  but  the  most 
influential  men  should  be  induced  to  take  the  initiative ;  such  a 
course  he  thought  would  tend  to  produce  the  best  results. 

The  Chairman  thanked  Mr.  Mundella  on  behalf  of  the  meeting 
for  his  great  kindness  in  attending  on  this  occasion  and  so  freely 
expressing  his  views,  which  had  had  a  great  effect  upon  himself,  for 
he  felt  more  strongly  than  he  had  done  before  that  the  right  thing 
to  do  would  be  to  be  unanimous  and  to  refer  this  matter  to  a  Select 
Committee.  There  was  no  doubt  as  to  the  political  difficulties  which 
had  been  alluded  to ;  the  present  Government  had  a  large  majority, 
and  it  appeared  that,  while  they  were  conservative  in  many  things, 
they  went  in  for  free  trade  in  inventions. 

The  resolution  was  then  put,  and  carried  unanimously. 

Mr.  Mundella  said  he  would  give  notice  that  day  in  the  House  of 
Commons  to  move  that  the  bill  be  referred  to  a  Select  Committee, 
and  the  probabilities  were  the  Government  would  not  object  to  a 
Select  Committee.  He  might  mention,  to  show  what  was  going  on, 
that  there  had  been  a  commission  to  enquire  into  the  state  of  the 
patent  office,  and  he  intended  to  ask  for  the  papers.  From  what  he 
could  learn  of  the  report  of  that  commission — Mr.  Lingen  of  the 
Treasury  and  the  Master  of  the  Rolls — it  was  to  deprive  inventors 
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of  a  great  many  facilities  which  they  at  present  enjoyed ;  so  that 
£180,000  or  £200,000  a  year  was  to  be  paid,  to  the  Treasury, 
and  almost  no  consideration  would  be  received  in  return. 


A  vote  of  thanks  was  passed  to  the  Council  of  the  Society  of 
Arts  for  their  kindness  in  allowing  the  Meeting  to  be  held  there ; 
and  to  the  Chairman  for  his  conduct  in  the  Chair. 

The  ^Meetinsr  then  terminated. 
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PROCEEDTNOS. 


July  1876. 


Tlie  Summer  Meeting  of  tlie  Members  was  held  in  the  Midland 
Institute  lecture  theatre,  Birmingham,  on  Tuesday,  18th  July,  1876  ; 
Thomas  Hawksley,  Esq.,  Pi-esident,  in  the  Chair. 

The  Minutes  of  the  last  General  Meeting  were  read  and 
confirmed. 

The  Peesident  announced  that  the  Ballot  Lists  had  been 
opened,  and  the  following  New  Members  were  found  to  be  duly 
elected : — 

MEMBERS. 

John  William  Gray,  ....  Birmingham. 

Thomas  William  Hind,  ....  Nottingham. 

George  Robert  Jebb,         .       .       .  Birmingham. 

William  Melland  Manlove,        .       .  Chesterfield. 

John  Mather, London. 

William  Menzies, Newcastle-on-Tyne. 

Richard  Hobbs  Taunton,  .       .       .  Birmingham. 

William  Henry  Osborne  Taylor,     .  Pontypool. 

John  Turney, Nottingham. 

William  Whiteley,        ....  Huddersfield. 


The  President  said  that  in  consequence  of  a  long  absence  he  had 
not  been  able  to  prepare  to  his  satisfaction  for  the  present  occasion 
the  usual  address  delivered  by  the  President  according  to  previous 
custom.  But  there  was  another  reason  why  he  did  not  propose 
just  now  to  enter  upon  the  subject  matter  of  that  address — there  was 
a  great  deal  of  work  to  occupy  the  present  meeting,  a  great  deal  to 
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see,  and  much  that  would  be  of  such  an  interesting  character  that 
he  Avas  sui'e  it  "would  be  more  desirable  that  he  should  defer  his 
intended  address  to  another  occasion  than  occupy  the  time  of  the 
meeting  by  delivering  it  now.  He  proposed  therefore  to  avail 
himself  of  an  opportunity  which  would  be  more  advantageous  to  the 
members,  as  well  as  more  convenient  for  himself,  to  deliver  a  carefully 
written  address,  rather  than  trust  the  important  subject  on  which 
he  proposed  to  say  a  few  words  to  the  utterance  of  the  moment.  It 
would  contain  references  to  important  statistics  connected  with  a 
matter  of  engineering,  which  could  not  be  well  borne  in  mind  or 
uttered  orally  without  the  risk  of  some  mistake  or  misapprehension. 
He  had  great  regret  in  announcing  the  decease  since  the  last 
meeting  of  two  of  the  most  valued  members  of  the  Institution. 
One  was  Mr.  Robert  N'apier  of  Glasgow,  a  Past- President  of  the 
Institution,  who  was  one  of  the  most  celebrated  engineers  connected 
with  marine  work,  and  who  at  the  ripe  age  of  eighty-five  had 
departed  this  life.  The  other  was  Mr.  Beyer,  who  was  one  of  the 
principal  locomotive  engine  makers,  and  who  stood  in  relation  to 
this  Institution  in  the  proud  position  of  one  of  its  founders.  In 
both  these  cases  he  was  sure  the  meeting  would  agree  that  it  was 
desirable  to  concur  in  passing  a  vote  of  condolence  with  the  families 
of  the  deceased  members.     The  vote  was  passed  accordingly. 


The  following  paper  was  then  read  :- 


July.  '  199 

ON  DYNAMOMETERS,  FRICTION  BRAKES, 

AND  OTHER  TESTING  APPARATUS  BELONGING  TO  THE 

ROYAL  AGRICULTURAL  SOCIETY  OF  ENGLAND. 


By  Me.  WILLIAM  E.  KICH,  OF  London. 


The  concurrence  of  the  Summer  Meetings  of  the  Institution  of 
Mechanical  Engineers  and  the  Royal  Agricultural  Society,  at 
Birmingham  this  year,  in  the  same  week,  affords  a  fitting  opportunity 
for  laying  before  this  Institution  a  description  of  the  most  important 
instruments  and  testing  apparatus  belonging  to  the  above  Society; 
a  valuable  collection  of  apparatus,  which  the  writer  thinks  well 
worth  the  attention  of  this  Institution. 

At  starting  he  thinks  it  right  to  claim  from  his  fellow  Members 
a  due  recognition  of  the  immense  debt  which  engineers  and 
agiiculturists,  all  over  the  world,  owe  to  the  Royal  Agricultural 
Society  for  the  admirable  series  of  engine  and  implement  trials 
which  it  has  carried  on  annually  with  so  much  spirit  and  perseverance 
for  the  last  thirty  years.  No  other  public  body  has  ever  done  so 
much,  or  spent  so  much,  on  trials  of  machinery  of  any  kind ;  and  it 
would  be  well  if  other  societies  or  government  departments  would 
only  consider  the  wonderful  effects  which  these  trials  have  had  in 
improving  agricultural  machinery,  and  would  try  to  emulate  the 
Society  in  other  branches  of  mechanical  industry. 

What  was  the  portable  engine  thirty  years  ago  ? — and  what  is  it 
now  ?  when  the  city  of  Lincoln  alone  is  said  to  turn  out  two  thousand 
of  them  in  one  year ;  and  two  different  firms  can  produce  competing 
engines,  which  run  a  dead  heat  of  over  five  hours,  with  a 
consumption  of  2"88  lbs.  of  Welsh  coal  per  actual  brake  horse  power 
per  hour.  No  one  will  deny  that  this  degree  of  perfection  is  largely 
due  to  the  publicity  and  thoroughness  of  the  Society's  trials ;  and 
one  cannot  but  reflect  on  the  numerous  benefits  which  the  EngHsh 
Admiralty  authorities  would  confer  on  marine  engineers  and  the 
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comincrce  of  the  world,  if  they  occasionally  made  equally  exhaustive 
and  careful  trials  with  marine  engines  of  different  types,  and 
published  the  results  in  extcnso,  as  the  Agricultural  Society 
invariably  does. 

The  more  important  instruments  belonging  to  the  Society  may  be 
classed  under  three  heads,  viz. : — 

1st — Traction  Dynamometers,  for  measuring  the  draughts  of 
implements  and  vehicles,  drawn  by  horses  or  otherwise. 

2nd — Friction  Brakes,  for  absorbing  the  power  developed  by 
steam  engines,  and  other  prime  movers,  by  unifonn  frictional 
resistances ;  and 

3rd — Rotary  Dynamometers,  as  they  are  commonly  called,  which 
register  the  amounts  of  power  that  must  be  transmitted  to  various 
machines  from  external  sources,  in  order  to  work  them. 

Traction  Dynamometers. — Sj^ring  Links. — The  oldest  draught 
testing  instruments  belonging  to  the  Society  are  Spring  Links  or  dial 
balances,  analogous  to  the  balances  now  made  in  such  large  numbers 
by  Messrs.  Salter,  but  inferior  to  their  best  productions.  One  of 
these  insti'uments  is  illustrated  in  Figs.  1  to  4,  Plate  28,  and  a 
specimen  is  exhibited  to  the  meeting.  The  spring  is  an  elongated 
flat  steel  b'nk  A  A,  through  which  the  strain  transmitted  to  any 
implement  is  passed  by  pulling  on  its  ends  in  opposite  dii-ections, 
thus  increasing  its  length  and  decreasing  its  width.  The  variation 
of  shape  moves  the  index  hand  B  by  means  of  levers,  and  the 
oscillations  of  the  spring  and  this  hand  are  reduced  by  means  of 
an  oil  cylinder  C. 

It  is  apparent  at  once  that  the  divisions  on  the  dial  cannot  obey 
Hook's  law  of  the  distances  travelled  varying  as  the  pulls,  and  it  is 
necessary  to  determine  all  the  divisions  by  actual  experiment.  Also 
the  springs  seem  liable  to  twisting  influences,  probably  dependent 
upon  the  exact  points  at  the  ends  at  which  the  pulls  are  applied,  and 
this,  combined  with  a  little  wear  of  the  pins  in  the  lever,  seriously 
affects  the  uniformity  of  action  of  the  index  hand.  The 
resistances  of  implements  drawn  by  horses  are  very  iri'egular 
and  jerky,  so  that  it  is  extremely  difficult  to  read  the  mean  draught  i 
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on  an  instrument  such  as  tkis  •with  any  degree  of  accui'acy  ;  and  for 
many  years  past  these  spring  links  have  rarely  been  used,  but  have 
in  general  been  superseded  by  integrating  traction  dynamometers. 

The  Plough  Dynamometer. — The  first  of  these  instruments  is 
exhibited  to  the  meeting,  and  was  made  in  the  year  1856,  more 
especially  for  testing  ploughs,  cultivators,  and  other  field  implements 
drawn  by  horses,  and  it  has  proved  itself  to  be  a  very  valuable 
instrument  for  such  duties.  It  has  been  reproduced  for  the  Imperial 
Museum  Berlin,  the  Ballarat  Agricultural  Society,  and  the  Chilian 
Exhibition  Commissioners.  It  is  illustrated  in  Figs.  6  to  8,  Plates  29 
to  31,  and  consists  of  a  light  low-lying  wrought-irou  frame,  mounted 
on  four  wheels,  three  of  these  AAA  being  supported  on  axles 
adjustable  vertically  and  horizontally  with  clamps  on  the  frame, 
exactly  as  in  wheel  ploughs,  while  the  fourth  wheel  B,  which  is  larger, 
is  adjustable  on  the  arc  of  a  cii'cle  C,  and  drives  the  speed  mechanism 
by  means  of  a  pitch  chain  and  wheels  D.  The  object  of  the 
vertical  adjustments  of  the  wheels  is  to  permit  one  or  two 
wheels  to  run  in  a  furrow  of  any  depth,  while  the  others 
run  on  the  unploughed  surface.  Generally  when  in  action  the  small 
wheel  on  the  driving  side  is  lifted  up  altogether,  to  ensui-e  that 
the  traversing  wheel  shall  always  preserve  its  contact  and 
driving  power.  By  means  of  the  pitch  chain,  the  shaft  E  with 
the  large  gunmetal  disc  F  at  one  end  of  it,  and  the  paper  di'um  Gr 
worked  by  a  worm  and  wheel  from  the  shaft,  are  di'iven  at  speeds 
proportional  to  the  actual  speed  of  the  implement  as  measured  on 
the  traversing  wheel.  They  can  however  be  disconnected  at  will 
by  means  of  the  clutch  and  handle  H. 

The  paper  drum  is  arranged  to  receive  one  sheet  of  paper, 
wound  round  it  as  in  a  steam-engine  indicator,  and  a  pencil  attached 
to  the  frame  is  pressed  against  the  paper  by  a  spring,  to  di'aw  a 
straight  zero  line  on  the  paper  as  the  drum  revolves.  On  the  end 
of  the  di'um  a  distance  index  I  is  engaged,  one  revolution  giving 
about  200  yards  travel  in  the  instruments  for  English  use.  The 
drum  and  this  index  can,  if  desired,  be  disconnected  without 
stopping  the  rest  of  the  working  parts,  by  slacking  back  the  screw 
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at  the  end  of  the  drum.  The  several  elements  of  the  apparatus  so 
far  described  all  move  with  speeds  proportioned  to  that  of  the 
instrument  in  travelling  along  the  ground. 

The  horses  employed  for  drawing  the  dynamometer  are  attached 
by  whippletrees  to  the  main  frame  and  caiTiage  at  its  front  end  K, 
and  the  implement  to  be  tested  is  attached  to  the  eye  L  at  the  back 
end  of  the  drawbar.  This  di'awbar  is  attached  to  the  back  end  of 
the  oil  cylinder  or  dash  pot  M,  and  a  piston  and  piston  rod  in  this 
cylinder  attached  to  the  extreme  front  of  the  carriage  assist  in 
supporting  it.  The  drawbar  is  further  supported  by  the  three  cross 
fi-ames  of  the  can'iage  through  which  it  passes ;  and  two  spiral 
springs  N  0  embrace  it,  one  N  resting  between  the  centre  frame 
and  the  cheese-head  which  is  pinned  to  the  bar  in  front  of  it, 
and  the  second  0  is  similai'ly  placed  in  front  of  the  rear  frame. 

From  the  drawbar  at  its  back  end  rises  a  vertical  crosshead, 
to  which  a  horizontal  guide  bar  P  P  is  bolted.  This  bar  slides 
through  two  of  the  cross  frames,  and  across  the  face  of  the 
large  disc  F ;  and  it  is  mounted  with  headstocks  which  support 
the  ends  of  a  delicately  fitted  shaft  R,  on  which  a  small  brass 
disc  S  is  keyed  or  soldered,  in  such  a  position  that  when  the 
instrument  is  unloaded  it  touches  the  large  disc  exactly  at  its 
centre.  This  small  disc,  generally  about  If  in.  diameter,  and 
shown  full  size  in  Figs.  9  and  10,  Plate  31,  is  called  the 
integi'ating  disc,  and  by  means  of  its  shaft,  and  a  short  piece  of 
india-rubber  tube  fonning  a  universal  coupling,  it  works  the  small 
counter  T  at  the  back  end  of  the  bar ;  this  counter  is  called  the 
integrating  counter.  The  bar  P  near  its  front  end  carries  a  pencil  U 
in  a  light  spring,  which  presses  it  against  the  surface  of  the  paper 
drum.  The  large  disc  is  pressed  against  the  edge  of  the  small  one 
by  means  of  a  spring  contained  in  the  hoUow  shaft  which 
carries  it. 

It  vrill  be  seen  that  the  revolutions  made  by  the  large  disc  in  any 
time  must  be  proportional  to  the  distance  traversed  in  that  time, 
as  measured  by  the  traverse  wheel  which  drives  the  disc.  It  is 
also  apparent  that  the  pull  of  any  implement,  applied  to  the 
drawbar  will  compress  the   springs  to  an  extent  proportioned  to 
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the  pull  applied,  and  will  move  tlie  small  disc  across  the  face  of 
the  large  disc  to  the  same  extent.  If  the  edge  of  the  smaU  disc 
is  exactly  touching  the  centre  of  the  large  disc  when  the  springs 
are  unloaded  but  not  slack,  the  distance  of  the  small  disc  fi'om  the 
centre  of  the  large  will  also  vary  directly  as  the  strain,  and  the 
velocity  ratio  of  the  discs  will  therefore  vary  in  the  same 
proportion. 

It  appears  then  that  the  number  of  revolutions  of  the  small  disc 
in  any  experiment  will  depend  partly  upon  the  distance  travelled, 
as  measured  by  the  revolutions  of  the  large  disc  which  jlrives  it, 
and  partly  upon  the  puU  of  the  implement  which  draws  it  away 
from  the  centre  of  the  large  disc,  and  increases  its  revolutions  per 
•  revolution  of  the  large  disc  in  direct  proportion  to  the  strain.  It 
can  be  further  shown  that  the  number  of  revolutions  of  the  small  disc, 
multiplied  by  a  constant  co-efficient,  is  equal  to  the  distance  run, 
multiplied  by  the  pull,  that  is  in  other  words  to  the  ft. -lbs. 
of  work  done.     For  let 

P  =  pull  of  implement  in  lbs. 

d  =  distance  run  in  ft. 

N=  number  of  revolutions  of  large  disc. 

n  =  do.  of  small  integrating  disc,  as  recorded 

on  counter.  Then  the  distance  run  d  can  be  represented  as  equal  to 
AN,  where  A  is  a,  constant;  and  the  pull  P  can  be  represented 
as  equal  to  Bjf,  where  5  is  a  constant,  and  -^  is  the  velocity  ratio 
of  the  small  to  the  large  disc.     That  is, 

d  =  AN 

Therefore  ft.-lbs.  of  work  none  =  dxP  =  A NX B^=ABn. 
A  and  B  being  both  constants,  put  C ^  AB;  then 

dxP=Cn, 

dy.P  C  n 

and  0  =  -^ .  Also  the  mean  di'aught  P  =  -^. 
When  the  set  of  springs  and  the  instrument  generally  are  in  good 
adjustment,  the  constant  G  is  the  only  co-efficient  required  for 
dealing  with  results  obtained  in  experiments  with  it.  Each  set  of 
springs  has  its  own  constant  C,  and  though  it  is  possible  to  calculate 
its  value  approximately  when  the  range  of  the  springs  with  any  load 
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is  known,  it  is  always  highly  pi'eferable  to  determine  its  value  for 
any  springs  by  direct  experiment  as  soon  as  they  are  fitted,  and 
occasionally  afterwards,  as  sometimes  they  take  a  permanent  set 
under  strain,  and  the  diameter  of  the  small  disc  is  liable  to  wear 
smaller,  and  it  then  becomes  flattened  transversely  on  its  touching 
edge. 

A  pair  of  sp lings  is  best  tested  as  follows.  The  weight  of  the 
draught  bar,  with  its  eye,  crosshead,  parallel  bar,  oil  cylinder, 
and  anything  else  moving  with  it,  must  first  be  ascertained, 
and  the .  weight  of  the  springs  must  also  be  determined.  The 
dismantled  parts  must  then  be  put  together  again,  and  the 
instrument  being  placed  horizontally,  the  springs  must  be  adjusted 
so  that  when  there  is  no  pull  on  the  draught  bar  they  are  both  held 
lightly  between  the  cheese-heads  at  their  ends,  bat  perfectly  fi'ee 
either  from  compression  or  slackness.  All  working  parts  should  be 
examined  to  see  that  they  can  work  freely,  and  they  should  be  well 
oiled.  Any  oil  in  the  oil  cylinder  should  however  be  removed. 
Next  the  small  disc  must  be  adjusted  till  its  edge  touches  the  exact 
centre,  both  longitudinally  and  vertically,  of  the  large  disc.  A 
practical  check  on  this  position  is  that  the  small  disc  should  remain 
stationary  when  the  large  disc  revolves. 

To  obviate  the  effects  of  friction  of  the  drawbar  and  other  parts 
in  their  bearings,  it  is  well  to  push  the  bar  and  springs  gently  over 
in  each  direction,  then  release  them  and  note  the  exact  exti'eme 
positions  which  the  integrating  disc  and  pencil  will  assume  after 
recoiling.  The  disc  and  pencil  should  then  be  carefully  placed  in 
the  mean  positions  between  these  extremes,  to  determine  their  truly 
neutral  points.  If  this  is  right  or  left  of  the  large  disc  centre,  the 
small  disc  with  its  bearings  alone  should  be  moved  through  the 
required  distance  to  set  it  right  on  the  large  disc,  without  disturbing 
the  draught  bar  and  its  belongings  again. 

The  instrument  must  then  be  suspended  front  end  uppermost  to 
a  crane  or  otherwise,  and  the  draught  bar  being  nearly  vertical, 
known  weights  should  be  hung  on  to  the  draught  eye.  The 
effective  weight  W  on  the  springs  will  then  equal  the  known  weight 
applied,  together  with  the  weight  of  the  moving  parts  above 
determined,  and  half  the  weight  of  the  sju'ings. 
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The  distance  and  integrating  counters  must  then  be  set  to  zero, 
and  the  traversing  wheel  turned  round  till  any  determined 
distance,  say  50  yards,  is  registered  on  the  counter.  The  integrating 
counter  register  must  then  be  noted,  and  the  expei*iment  should  be 
repeated  three  or  four  times,  shaking  the  draught  bar  up  and  down 
between  each  experiment.  After  this,  two  or  three  greater  weights 
should  be  applied  successively,  and  the  instrument  tested  with  each 
as  before.  The  mean  results  of  the  experiments  with  each  load 
should  be  tabulated.  In  a  perfectly  adjusted  instrument,  with 
perfect  springs,  C  could  readily  be  determined  from  any  one  set  of 
such  experiments,  for  ii  W  =  effective  load, 
d  =  distance  in  ft., 
and  n  =  register  of  integrating  counter, 
the  ft.-lbs.  of  work  done  Wd  must  =  On,  and  (7  =  —  should  be 
uniform  whatever  the  load  applied.  In  practice  however  G  thus 
determined  is  never  exactly  the  same  for  the  different  loads ;  but  if 
the  determinations  do  not  differ  much,  it  is  better  to  take  a  mean  of 
the  several  values  of  C  derived  from  experiments  with  medium  and 
high  loads,  which  will  give  a  more  accm-ate  coefficient  than  readings 
with  very  small  loads. 

Frequently  however,  in  this  and  some  other  similar  instruments, 
the  values  of  C  thus  defined  are  so  irregular  that  a  correction  is  at  once 
seen  to  be  necessary.  Really  the  figures  read  from  the  integrating 
counter  in  such  cases  do  not  vary  as  the  pull  multiplied  by  the 
distance,  but  every  reading  wants  an  addition  or  subtraction, 
varying  with  the  distance  only,  to  make  them  proportional  to  one 
another.  The  most  frequent  cause  of  this  irregularity  is  the  springs 
being  under  some  compression  when  the  small  disc  is  centred  on  the 
large  one,  and  then  a  quantity  Jc  d  (where  Ic  is  a  constant  and  d  the 
distance  in  ft.)  must  be  added  to  every  reading  before  it  is 
multiplied  by  C  to  get  the  total  ft.-lbs.  of  work ;  and  the  reason  for 
this  is  apparent,  for  the  small  disc  will  not  begin  to  move  fi'om  the 
centre  of  the  large  disc,  and  its  counter  will  therefore  not  register 
anything,  tiU  the  pull  exceeds  the  initial  compression  of  the  springs, 
and  successive  readings  for  successive  pulls  cannot  therefore  be 
proportional  to   one   another,   till    an  addition  is   made   to   each, 
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depending  on  the  smallest  pull  which  begins  to  register  by  moving 
the  disc. 

A  similar  correction  is  necessary  in  many  other  instruments  of 
the  same  type  as  this,  and  sometimes  may  be  caused  by  friction 
of  bearings  or  slackness  of  joints,  when  the  small  disc  is  adjusted  to 
its  zero ;  in  that  case  generally  the  correction  must  be  subtracted 
from  instead  of  added  to  each  reading.  It  should  therefore  be 
watched  for  in  testing  all  such  implements  ;  and  that  being  the 
case,  the  writer  thinks  it  desirable  to  describe  a  ready  method 
of  detecting  it  graphically.  He  first  noticed  the  necessity  for 
this  correction  at  some  double-furrow  plough  trials  at  Caistor, 
Lincolnshire,  in  1870,  when  testing  the  dynamometer  in  the  field. 
In  great  perplexity  to  make  successive  tests  accord  with  one  another, 
he  luckily  had  recourse  to  one  of  the  engineer's  best  friends,  a 
diagram,  and  at  once  found  a  straight  line  passing  nearly  through 
all  the  ordinates  representing  his  tests,  but  considerably  below  the 
noi'mal  position. 

The  successive  weights  having  been  applied  as  described  above, 
and  means  taken  of  the  counter  readings  for  given  distances,  those 
mean  results  should  be  divided  by  the  distance  in  feet  in  each  case, 
to  get  the  index  per  foot  run  for  each  load.  Let  the  ordinates 
A,  B,  C,  D,  on  the  diagram.  Fig.  5,  Plate  28,  represent  these  counter 
readings  per  foot  I'un,  the  corresponding  abscissae  0  A,  0  B,  0  C,  0  D, 
representing  the  corresponding  loads  on  any  convenient  scale ;  draw 
the  straight  line  H  L  which  most  nearly  passes  through  all  the  points 
so  obtained;  then  if  this  line  also  passes  through  0,  as  shown  by  the 
dotted  line,  the  instrument  is  in  perfect  adjustment,  and  C=—^. 
Generally  however,  in  this  instrument,  this  line  passes  below  O, 
intersecting  the  axes  0  X  and  0  T  at  S  and  T  ;  then  0  S  measured 
with  the  load  scale  will  give  the  compressive  strain  on  the  springs  when 
the  small  disc  is  at  zero;  and  0  T,  on  the  same  scale  as  the  ordinates, 
gives  the  amount  which  must  be  added  to  each  counter  reading  per 
foot  run  to  give  results  proportional  to  one  another,  and  this 
must  be  determined  before  G  can  be  calculated.  When  the 
irregularity  is  due  to  looseness  of  joints,  the  line  will  generally 
cross  0  Y  above  O ;  then  the  correction  must  be  similarly  subtracted, 
instead  of  adding  it. 
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Putting  h  for  the  quantity  represented  by  0  T,  then 
Total  ft. -lbs.  of  work  =  C  X  corrected  index  ;  that  is 
Wd=G  {:n±hd) 
in  which  W  represents  any  load,  and  ^  (that  is,  index  per  ft.  run) 
the  corresponding  ordinate  to  the  line  which  most  nearly  cuts  thi'ough 
all  the  ordinates  determined  by  experiment.     Therefore 

^  —  n±kd 

and  the  mean  draught  P,   which  is  the  equivalent  of    W  in   all 
experiments  with  the  springs  in  question,  is 

In  experiments  on  the  di'aughts  of  ploughs  &c.  with  this 
dynamometer,  care  must  be  taken  that  the  traversing  wheel  B  is 
always  on  the  ground,  and  the  insti'ument  level  both  longitudinally 
and  transversely,  otherwise  part  of  the  weight  of  the  implement  is 
added  to  the  dii'ect  component  of  draught.  The  draught  chains 
between  the  dynamometer  and  the  implement  should  also  be  as 
direct  as  possible.  The  adjustments  for  height  are  easily  made 
by  raising  or  lowering  two  of  the  wheels  by  means  of  the 
clamps,  after  raising  the  third  off  the  ground  altogether,  and 
placing  the  traverse  wheel  at  a  convenient  height  considering  the 
depth  of  the  furrow. 

The  vsrriter  has  found  it  desirable  with  this  and  other 
dynamometers,  in  testing  each  implement,  to  take  two  runs  of  about 
equal  length  in  opposite  directions,  adjusting  both  counters  to  zero 
before  the  first  run,  and  noting  their  registers  after  each  run.  The 
results  are  determined  from  the  means  of  both  runs.  This  precaution 
avoids  risks  of  error  from  sHght  inclinations  of  ground,  and  gives 
immediately  a  ready  check  on  clerical  and  instrumental  errors, 
which  are  Kable  to  creep  in,  unless  specially  guarded  against,  in  the 
bustle  and  confusion  of  carrying  out  competitive  trials  in  a  crowd 
of  interested  spectators.  It  is  desirable  on  such  occasions  to  have 
an  assistant  at  hand,  to  check  the  setting  of  the  counters  to  zero, 
and  the  taking  of  all  figures  from  them,  as  well  as  the  tabulated 
records  and  all  calculations  from  them. 

All  distances  recorded  should  be  taken  from  the  distance  scale  or 
counter,  and  not  from  measurements  in  the  field,  as  the  traversing 
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wheel  may  alter  its  effective  diameter  by  clogging,  or  might  stop 
temporarily.  The  following  is  a  simple  and  systematic  sequence 
for  tabulating  results  : — 

Distance  registered  in  ft d 

Index  registered n 

Index  per  ft.  run -^ 

Do.  corrected a  ^^ 

Ft.-lbs.  per  ft.  run,  that  is  also  1  ^  .n  _i_  ,  v 

mean  draught  in  lbs.  .  .  i  •  •  •  Ka 
The  paper  cylinder  with  its  belongings,  referred  to  in  the 
description  of  this  instrument,  enables  diagrams  of  the  strains  and 
variations  of  strain  to  be  taken  during  trials  of  implements.  The 
paper  being  wound  tight  on  the  drum  and  secured,  the  zero  pencil 
must  be  first  adjusted  to  mark  clearly  and  steadily ;  then  the  springs 
being  unloaded,  and  the  integrating  disc  at  zero,  the  strain  pencil 
must  be  adjusted  to  mark  the  cylinder  on  exactly  the  same  line  as 
the  zero  pencil. 

When  the  instrument  is  started,  a  diagram  is  produced  of  which 
the  zero  line  forms  the  base,  the  abscissae  denote  distances  on  the 
same  scale  as  the  distance  index,  and  the  ordinates  show  the  strains 
on  a  scale  of  loads  determined  from  the  springs.  It  is  manifest  that 
when  a  coiTcction  is  necessary  in  the  integration  results,  a  similarly 
corrected  base  line  should  be  drawn  on  the  diagram  produced.  As  a 
matter  of  fact,  the  writer  has  found  the  diagrams  so  produced  to  be 
so  jagged  in  outline  as  to  be  comparatively  valueless,  as  it  would  be 
impos.sible  to  determine  the  mean  draught  lines  from  them  with 
any  degree  of  precision;  consequently  in  recent  trials  with  this 
dynamometer  he  has  seldom  had  recourse  to  the  diagrams,  which 
very  much  hinder  experiments.  The  maximum  strains  recorded  on 
the  diagrams  are  sometimes  valuable  for  showing  the  stresses  which 
given  implements  should  be  strong  enough  to  endure. 

To  an  institution  such  as  this  it  is  well  to  notice  the  blemishes 
which  have,  of  course,  manifested  themselves  in  this  instrument,  the 
first  of  its  kind,  during  its  useful  Hfe  of  twenty  years,  as  many  of 
them  may  easily  be  avoided  in  future  integrating  dynamometers. 
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In  the  first  place,  tlie  wrought -iron  frame  is  not  stiff  enough 
transversely,  and  twists  slightly,  occasionally  increasing  the  friction 
of  the  draught  bar  and  the  parallel  bar  above  it  in  their  bearings. 
The  number  of  bearings  (six)  which  these  two  connected  bars  take 
in  the  frame  and  oil  cylinder  increases  this  tendency,  and  these 
bearings  cannot  be  made  slack,  as  any  angular  motion  vertically  of 
the  lower  bar  moves  the  integrating  disc,  which  is  so  far  above  it, 
horizontally  on  the  large  disc  face.  The  arrangement  of  spiral 
springs  in  compression  makes  it  almost  a  necessity  that  there  shall 
be  some  initial  strain  on  them,  thus  leading  to  the  false  zero 
adjustment  and  the  more  complicated  formulae  and  co-efficients 
described  above. 

The  smallness  of  range  of  the  springs  and  integrating  disc 
(about  2  in.)  is  also  undesirable,  as  the  average  compression  should 
seldom  exceed  about  one-half  the  maximum,  and  any  slackness  or 
imperfect  adjustment  anywhere  may  tell  seriously  on  results,  when 
the  mean  spring  compression  and  disc  travel  is  only  about  1  inch. 

The  integrating  disc  requii*es  a  ready  means  of  horizontal 
adjustment,  and  the  oil  cylinder  has  recently  been  noticed  to  have  a 
defect  common  to  the  same  detail  in  all  these  instruments,  namely  that 
it  could  not  work  when  absolutely  full  of  oil,  in  consequence  of  the 
smaller  displacement  at  the  piston-rod  end  of  the  cylinder.  The 
rod  should  be  carried  tlirough  both  ends  of  the  cylinder,  or  some 
other  arrangement  made  to  obviate  this. 

The  changing  of  springs  is  a  tedious  operation,  as  half  of  the 
working  parts  must  be  dismantled  and  re-adjusted  afterwards,  and 
the  new  springs  must  be  tested,  which  is  no  easy  matter  in  an 
implement  trial  field.  Probably  future  editions  of  the  instrument 
would  be  better  with  spiral  springs  in  tension,  and  drawn  directly 
from  their  centres. 

The  Horse  Dynamometer  (so  called  partly  to  distinguish  it  in 
name  from  other  instruments,  and  also  because  it  mechanically 
represents  a  harnessed  cart  horse  in  any  implement  or  vehicle  to  be 
tested)  was  designed  primarily  for  testing  carts,  wagons,  and  other 
wheeled   vehicles   having   shafts,  at  the   Bedford   Meeting   of  the 
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Royal  Agricultural  Society  in  1874,  It  was  used  again  last  year, 
at  tlie  Taunton  Meeting,  for  testing  mowing  machines,  and  will 
again  come  into  requisition  next  August  for  testing  the  reaping 
machines  which  are  being  selected  for  trial  at  the  present  Show.  Thi.s 
instrument  is  shown  in  Figs.  11  to  15,  Plates  32  to  34;  it  was  designed 
by  Mr.  W.  Anderson  and  the  author  in  1874,  and  was  made  at  the 
Erith  Iron  Works.  It  is  the  most  perfect  integrating  instrument 
belonging  to  the  Society,  every  care  having  been  taken  to  avoid 
sources  of  weakness  and  irregularity  which  had  been  noticed  in  the 
working  of  previous  implements. 

The  general  principle  of  this  dynamometer  is,  that  it  shall 
occupy  the  same  position  as  a  powerful  cart  horse  in  any  wheeled 
vehicle  to  be  tested ;  that  it  shall  draw  the  vehicle  on  any  sinuous 
course  by  means  of  harness  attached  to  the  shafts  in  the  usual  way ; 
and  that  in  doing  this  it  shall  register  the  most  important  strains 
which  a  horse  would  have  to  exert  in  drawing  it. 

To  determine  in  the  first  place  the  leading  dimensions,  a  16-hand 
cart  horse  was  harnessed  into  an  agricultural  wagon,  and 
subsequently  into  a  two-wheeled  cart,  and  his  action  in  drawing 
these  along  straight  and  sinuous  courses  was  narrowly  watched. 
The  carter  was  also  closely  questioned  on  the  practice  of  harnessing 
horses  into  such  vehicles,  the  proper  height  for  shafts,  back  weight, 
&c.  The  adjustment  of  back  Aveight  to  varying  cii'cumstances  seems 
to  be  an  important  point  with  cartel's :  they  consider  it  desirable 
to  have  some  weight  always  on  the  back  of  a  cart  horse,  and  for 
carting  up  hill  they  like  to  make  it  considerable  by  shifting  the  load, 
no  doubt  to  add  to  the  horse's  gripping  power.  It  waS  noticed  that 
the  shafts  were  materially  wider  than  the  horse's  body,  and  that  the 
draught  chains  expanded  outwards  fi*om  the  attachments  on  the 
collar  to  the  hooks  on  the  shafts,  and  generally  inclined  downwards 
at  the  same  time.  In  virtue  of  this  arrangement  it  appeared  that 
there  was  very  little  horizontal  vibration  of  the  shafts,  and  the  horse 
was  able  to  turn  round  moderate  curves,  without  causing  the  shafts 
to  rub  at  all  sideways  against  his  shoulders.  The  heights  and 
positions  horizontally  of  the  collar  chains,  back  saddle,  breeching,  &c., 
were  measm-ed,  and  the  design  was  then  proceeded  with.     The  hind 
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wheels  are  placed  at  4  ft.  8  in.  apart  between  centres,  the  wheel-base 
being  narrow  so  that  vehicles  which  are  to  be  tested  on  soft  ground 
may  not  have  to  follow  on  beaten  tracks  previously  made  by  the 
instrument.  The  front  wheel-base  is  narrower  still,  the  wheels  being 
placed  at  2  ft.  9  in.  between  centres,  and  carried  in  a  wi'ought-ii-on 
locking  frame,  with  a  pair  of  ordinary  wagon  shafts  for  drawing  it. 
Some  vertical  slackness  on  the  locking  pin  is  permitted  in  this  frame, 
and  this,  combined  with  the  narrow  front  wheel-base,  ensures  both 
the  hind  wheels  always  bearing  when  on  uneven  ground,  this  being  a 
necessity,  as  one  of  them  drives  the  speed-registering  apparatus. 

All  the  instrumental  parts  are  self-contained  on  a  small  bed- 
plate A  A,  mounted  upon  a  carriage  frame  B  B  of  wood  and  iron, 
"restiag  upon  four  broad  and  heavy  cast-iron  wheels,  which  add  to 
its  stability  by  lowering  the  centre  of  gravity.  E  is  a  pair  of 
untempered  steel  di'aught  springs,  which  are  of  uniform  width, 
with  planed  edges,  and  are  jointed  with  one  accurately  fitted 
pin  at  one  end,  and  two  such  pins  with  a  short  link  at  the 
other  end.  This  arrangement  prevents  any  tendency  to  parallel- 
iTiler  motion,  as  would  be  the  case  if  there  were  links  at  both 
ends ;  and  at  the  same  time  permits  each  bar  freely  to  assume 
its  own  shape  and  length,  when  under  strain,  which  could 
not  be  the  case  if  the  springs  were  attached  immediately  to  one 
another  at  both  ends.  The  longitudinal  section  of  the  springs  is 
approximately  parabolic,  the  bases  being  at  the  centre  eye  in  each 
case  ;  their  proportions  were  determined  from  statistics  afforded  by 
the  late  Professor  Rankine,  in  his  work  on  "Machinery  and 
Millwork."  There  are  three  pairs  of  these  springs,  which  are 
readily  interchangeable,  two  pairs  being  4  ft.  long  between  end 
centres,  and  suited  for  maximum  pulls  of  600  and  1000  lbs.,  and  the 
thii'd  pair  5  ft.  long  will  work  up  to  1600  lbs.  pull ;  one  pau* 
of  these  spriags  is  exhibited  to  the  meeting.  The  centre  eye 
of  the  front  spring  is  held  by  an  accurately  turned  pin  C,  carried 
in  a  fork  cast  on  the  front  end  of  the  bed-plate ;  the  eye  of  the 
other  spring  is  similarly  carried  in  a  fork  on  the  end  of  the  turned 
draught  bar,  which  is  very  stiff  transversely,  and  is  carried  only  in 
two  bearings,  namely  F  just  behind  the  fork  end,  and  the  oH 
cylinder  Gr  at  the  back  of  the  bed-plate. 
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Behind  the  bearing  F  the  draught  bar  is  flattened,  and  the 
draught  plate  H  H  is  here  jointed  to  it  with  washers  above 
and  below,  to  ensure  great  freedom  of  motion  hori:zontaUy. 
This  draught  plate  is  a  very  important  detail,  and  represents 
a  horse's  shoulders  and  collar;  it  is  attached  to  the  draught  bar 
at  its  front  end  by  the  centre  pin  K,  and  the  corners  are  supported  on 
easy- running  castors  1 1,  which  move  freely  in  any  direction  on 
the  top  surface  of  the  bed-plate.  To  these  corners,  beyond  the 
castors,  and  considerably  behind  the  centre  pin,  are  attached  the 
draught  chains  L  L,  which  are  hooked  to  the  shafts  D  D  of  the  vehicle 
that  is  to  be  tested.  The  height  of  these  chain  attachments,  and 
their  width  apart  on  the  draught  plate,  are  very  nearly  identical 
with  the  height  and  width  of  the  similar  attachments  on  the  collar 
hames  of  a  16-hand  horse ;  and  in  virtue  of  this  an*angement  the 
dynamometer  wiU  di-aw  a  vehicle  behind  it  round  a  considerable 
bend,  always  keeping  both  draught  chains  strained,  and  inclining 
the  vehicle  to  follow  in  its  track,  without  bearing  materially  against 
the  inside  of  either  of  its  shafts.  The  shafts  really  seem  to  float 
horizontally,  rarely  touching  the  sides  of  the  instrument,  and  the 
tendency  of  the  draught  plate  is  always  to  light  itself  as  soon  as 
possible,  like  a  stable  floating  body,  whenever  it  is  moved  from  its 
central  position.  The  castors  eliminate  all  vertical  components  of 
pull,  so  that  only  the  direct  horizontal  components  which  are 
effective  for  doing  work  are  communicated  to  the  spiings. 

Above  the   oil   cylinder    G    a  wrought-iron    cham    saddle  M,j 
representing  that  canned  by  a  horse  in  cart  harness,  is  suspended  j 
from  one  end  of  the  lever  N,  the  other  end  of  which  is  held  by  a] 
Salter's  balance  0  at  the  rear  of  the  carriage.     Over  the  saddle  the 
ordinaiy  shaft  chains  are  passed,  and  the  shafts  being  adjusted  to! 
their  proper  height  by  means  of  it,  the  weight  carried  on  the  saddle] 
in  any  erperiment  can  be  read  off  readily  on  the  dial  refeiTed  to.l 
Breeching  chains  are  attached  to  the  side  frames,  for  restimining 
implements  behind  the  instrument,  when  going  down  hill.     At  the 
rear  end  of  the  can'iage,  arrangements  are  made  for  testing  any  pa 
of  springs  readily  in  the  field  by  means  of  a  long-ended  bell-crai 
lever,   the   short   arm  of  which  can  be  linked  when  necessary 
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the  back  end  of  the  di'aught  bar,  while  to  the  long  horizontal  arm 
known  weights  are  suspended  at  its  outer  end. 

The  integrating  and  registering  apparatus  are  similar  in  principle 
to  those  in  the  plough  dynamometer  previously  described;  important 
improvements  have  however  been  made  in  the  details.  The  distance 
covmter  and  large  disc  R  are  worked  by  means  of  bevil  gear  and 
shafts  P  P  from  the  hind  shaft  of  the  carriage,  which  is  keyed  into  one 
travelling  wheel,  while  the  other  runs  loosely  upon  it ;  a  clutch  and 
handle  serve  to  disconnect  or  connect  the  gear  readily.  The  motion 
of  the  draught  bar  is  trebled  on  to  the  integrating  disc  S  by  means 
of  the  lever  T,  which  has  its  ftdcrum  self-contained  on  the  bed-plate, 
and  at  its  upper  end  is  connected  by  the  link  U  to  a  small  gunmetal 
sliding  frame  V,  which  rests  in  two  easy  fitting  bearings,  and 
contains  in  itself  the  integrating  disc  S,  with  its  shaft  and  a  simple 
and  easily  read  counter  W  worked  by  it,  for  recording  the  number 
of  revolutions  of  the  disc.  The  front  end  of  the  slide  also,  beyond 
its  bearing,  carries  a  pointer  X  for  indicating  to  an  observer  the 
variations  of  draught  and  the  maximum  draught  on  a  clearly  figured 
scale  of  loads.  The  distance  register  is  kept  on  an  equally  clear 
counter  behind  the  large  disc,  and  worked  by  toothed  wheels  off  the 
di'iving  shaft. 

The  maximum  range  of  motion  of  the  slide  and  integrating  disc  is 
in  this  instrument  8  in.,  and  the  disc  can  always  be  adjusted  to  the 
centre  of  the  large  one  by  means  of  the  right-and-left-handed  screws 
and  nut  on  the  link  U.  In  this  instrument  too  there  is  extremely 
little  longitudinal  friction  either  in  the  draught  bar  or  slide,  each  of 
which  is  earned  in  two  bearings  only,  which  cannot  twist  relatively 
to  one  another.  The  springs  also  will  always  adjust  themselves 
exactly  to  a  passive  position  when  unloaded,  if  the  draught  bar  is 
slightly  shaken  by  taps  of  a  mallet  on  the  side  of  it.  This  does 
away  with  all  necessity  for  the  complicated  formulae  and  corrections 
of  readings,  necessary  with  the  plough  dynamometer.  Any  pair  of 
springs  can  be  introduced,  adjusted,  and  tested  in  a  very  short  space 
of  time ;  and  the  formula  for  the  co-eflS.cient  with  any  pair  of 
springs,  C=  -^,  is  found  always  to  be  approximately  uniform,  whatever 
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the  effective  load  on  the  draught  bar.  Really  G  should  increase 
very  slightly  when  the  springs  are  at  their  maximum  range  and 
cui'vature,  but  the  irregularity  is  so  small  as  to  be  inappreciable. 
The  most  important  blemish  which  the  wi'iter  recognises  in  this 
instrument  is  the  oil  cylinder,  which,  as  in  the  plough  dynamometer, 
has  different  displacements  at  its  two  ends ;  but  this  defect  can  easily 
be  obviated  now  it  is  seen,  and  reaUy  in  practice  it  has  not  been 
found  necessary  to  fill  the  cylinder  completely  with  oil,  the  range  and 
inertia  of  the  spi'ings  and  other  working  parts  apparently  assisting  to 
absorb  most  of  the  violent  shocks  brought  upon  them.  Bosses  and 
other  provisions  have  been  made  on  the  front  end  of  the  instrument 
frame  for  adding  a  paper  cylinder  Y  at  any  time,  for  taking  diagrams 
with  a  pencil  attached  to  the  front  end  of  the  counter  slide  X ;  but 
up  to  the  present  time  this  has  not  been  required. 

When  mowing  and  reaping  machines  are  to  be  tested,  a  very 
narrow  wheel-base  is  essential,  as  otherwise  the  standing  crop 
would  be  injured,  so  the  hind  wheels  are  then  replaced  by  a  smaller 
pair,  fixed  at  the  same  width  apart  as  the  front  wheels ;  then  also  a 
horizontal  bar  at  the  rear  end  of  the  carriage  supports  the  pole  of 
the  mowing  machine,  which  projects  under  the  carriage ;  and  the 
side  thrust  of  the  pole  can  be  read  off,  on  a  horizontal  Salter's 
balance  suitably  attached  to  the  cari'iage  there.  Then  too  a  long 
iron  whippletree  bar  is  generally  bolted  across  the  draught  plate, 
and  the  implements  are  drawn  by  long  chains  from  the  ends  of  the 
whippletrees. 

At  various  times  other  draught-testing  instruments  have  been 
arranged  for  the  Society's  trials,  and  notably  among  these  were  a 
hydraulic  cylinder  for  testing  pulls  on  steam-plough  ropes,  and  an 
elaborate  integrating  dynamometer  for  a  similar  pui'pose.  These 
instruments  however  did  not  give  good  results,  and  have  therefore 
been  discarded;  and  in  the  last  steam-plough  trials  at  Wolverhampton, 
in  1871,  the  total  expenditure  of  work  in  ft.-lbs.  per  lb.  weight  of 
earth  moved  was  determined  approximately  from  indicator  diagrams 
taken  from  the  engine  cylinders. 
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Tlie  Friction  Brake  Dynamometer,  which  absorbs  the  available 
energy  of  any  prime  mover  by  the  friction  of  a  strap  on  a  pulley, 
and  measures  its  amount  at  the  same  time,  was  invented  by 
M.  Prony;  but  the  instruments  belonging  to  the  Society  possess 
important  modifications  and  improvements,  which  were  introduced 
by  IMr.  C.  E.  Amos,  and  the  late  Mr.  Appold,  who  as  an  amateur 
engineer  always  took  great  interest  in  the  Agricultural  Society's 
trials  and  testing  instruments.  In  its  present  shape  this  instrument 
is  by  far  the  simplest  type  of  dynamometer,  and  at  the  same 
time  the  most  delicately  accurate  in  its  testing  powers. 

Three  of  these  instruments  were  made  for  the  Society  in  the  years 
1848,  1852,  and  1854  respectively,  aU  being  of  one  size,  and  suited 
for  a  maximum  of  about  20  H.  P.,  at  120  rev.  per  min.  Originally 
each  of  them  was  mounted  with  one  driving  pulley,  for  receiving 
the  power  from  the  engine  by  means  of  a  belt,  and  one  brake 
pulley  on  the  same  shaft,  for  absoi'bing  the  power ;  but  latterly  two 
of  them  have  been  altered  to  drive  with  universal  coupling  shafts, 
direct  from  the  engine  crank  shafts,  and  the  belt  pulleys  have 
consequently  been  removed.  The  reason  for  this  change  is  obvious, 
as  the  tension  of  a  belt  on  both  sides  of  the  pulley,  as  formerly 
arranged,  absorbed  additional  power  in  journal  friction,  and  this  loss 
was  proportional  to  the  tightness  of  the  belt.  The  slipping  of  the 
belt,  both  by  apparent  sliding  on  the  pulley  and  also  from  the 
difference  of  elasticity  at  its  tight  and  slack  sides,  caused  other 
irregularities  which  it  was  impossible  to  account  for  in  recording 
results. 

The  100  H.  P.  Friction  Brake,  which  is  the  largest  belonging 
to  the  Society,  is  illustrated  in  Figs.  16  to  21,  Plates  35  and  36. 
It  is  on  exactly  the  same  principle  as  those  above  referred  to, 
but  much  larger,  having  three  brake  pulleys  on  the  same  shaft, 
instead  of  one  only,  as  in  the  smaller  ones.  It  was  made  in  1871, 
for  testing  the  largest  ploughing  and  traction  engines  which  were 
presented  for  ti*ial  at  Wolverhampton  in  that  year ;  and  as  Messrs. 
John  Fowler  and  Co.  had  entered  20  H.  P.  engines,  one  of  which 
actually  worked  up  to  143  Ind.  H.  P.  during  short  intervals  in  the 
plough  fields,  it  was  thought  prudent  to  proportion  the  brake  for  a 
maximum  of  100  H.  P.,  at  100  rev.  per  min. 
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The  instrument  consists  primarily  of  a  cast-iron  carriage  and 
A  frames  A  A,  supported  on  wlieels  and  axles,  so  as  to  be  suited  for 
running  on  rails  in  a  long  trial  shed,  opposite  to  which  the  several 
engines  to  be  tested  should  be  parked.  Two  weU-fitted  o  in. 
bearings  on  the  A  frames  cany  the  main  shaft  B  C,  on  -which 
three  brake  pulleys  D  D  D,  each  5  ft.  diameter  and  7  in.  wide, 
are  keyed,  two  of  these  being  situated  between  the  bearings,  and  the 
third  on  an  extension  of  the  shaft  beyond  them  at  C.  To  the  end 
of  the  shaft  at  B  a  universal  coupling  shaft  E  is  keyed.  Any  engine 
to  be  tested  adjusts  its  ci-ank  shaft  as  nearly  as  possible  to  the  same 
height  and  direction  as  the  brake  shaft,  and  then  couples  on  to 
the  universal  coupling  shaft  with  similar  fork  couplings,  one  of  the 
forks  being  arranged  to  slide  on  the  shaft  E  so  as  to  adjust  the 
length  exactly,  and  avoid  risks  of  end  friction  on  any  of  the  journal 
collars  of  either  engine  or  brake.  Each  of  the  three  brake 
pulleys  D  constitutes  a  complete  brake  in  itself,  and  for  moderate 
powers  it  is  sometimes  desirable  to  run  with  only  one  or  two  of  them 
at  work,  the  straps  in  that  case  being  removed  from  the  others.  The 
brake  also  can  be  driven  by  a  belt  over  one  of  these  pulleys,  if  it  is 
inconvenient  to  use  the  universal  coupling  shaft. 

Looking  at  the  side  elevation  of  the  instrument,  Fig.  16, 
at  any  bi*ake  pulley,  D  is  the  pulley,  F  is  a  pair  of  straps 
of  strong  hoop  iron  passed  round  the  pulley  and  screwed  down 
to  nine  wood  blocks,  which  are  fitted  to  the  slightly  rounded 
outside  rim  of  the  pulley.  Grunmetal  side  guides  are  screwed 
to  the  sides  of  the  blocks  to  keep  them  in  position  laterally. 
On  one  side  G  an  eye  or  joint  is  formed  in  the  straps,  and  to 
this  joint  the  testing  weights  W  are  suspended  by  means  of  a  rod  H. 
On  the  opposite  side  of  the  pulley  the  straps  are  cut,  and  connected 
again  by  means  of  the  right-and-left-hand  screw  K,  for  adjusting 
the  degree  of  tightness  by  hand. 

At  its  lowest  point  the  strap  is  severed  again,  and  the  ends  are 
connected  by  pins  to  a  pendulum  I,  sometimes  called  the  differential 
lever.  This  connection  is  an  ingenious  mechanical  contrivance, 
very  simple  in  its  details  and  easy  to  understand.  Its  object 
is  to  maintain  a  uniform  f rictional  resistance  on  the  brake  by  keeping 
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the  joint  G  of  attachment  of  the  -weight  at  a  constant  level,  and 
this  it  does  with  exti'eme  delicacy  in  the  following  manner. 
The  pendulum,  shown  enlarged  in  Fig.  21,  Plate  36,  consists 
of  two  links  suspended  from  joints  on  standards  at  each  side  of 
the  pulley.  Their  length  may  be  adjusted  by  nuts  at  their  top 
ends,  and  by  -means  of  the  joints  in  the  standards  they  are  free 
to  move  through  angles  of  moderate  extent  on  each  side  of  their 
vertical  position.  The  first  essential  with  this  pendulum  is  that  its 
length  shall  be  less  than  the  radius  of  the  brake  pulley,  and  the 
second  is  that  the  ends  of  the  strap  on  the  weight  side  of  the  brake 
shall  be  jointed  to  it  at  a  lower  point  or  greater  radius  from  its  centre 
of  suspension  than  the  strap  ends  on  the  opposite  side.  A  pointer 
on  a  standard  L  marks  the  proper  position  for  the  joint  Gr,  and  the 
effect  of  the  pendulum  regulating  apparatus  is  that  if  from  any 
cause  the  friction  of  the  brake  blocks  increases,  and  lifts  the  joint  Gr 
above  the  pointer  L,  as  shown  in  the  diagram  Fig.  19,  thus 
circling  the  whole  strap  slightly  round  the  pulley,  the  pendulum 
will  incline  towards  the  weight  and  slacken  the  strap  in  that 
direction  to  a  greater  extent  than  it  tightens  it  in  the  opposite 
direction,  in.  proportion  as  the  radius  of  the  one  joint  is  greater 
than  that  of  the  other.  The  result  is  that  Gr  will  return  nearly 
to  L,  and  if  from  continued  actions  of  this  kind  it  should  move 
materially  from  this  its  normal  position,  the  strap  must  be  slackened 
by  the  hand-screw  K,  till  Gr  returns  to  L.  A  similar  but  directly 
opposite  action  takes  place  if  G  falls  below  L,  from  the  strap  being 
too  slack,  as  shown  in  the  diagram  Fig.  20.  The  weight 
rod  H  carries  at  its  bottom  end  a  disc,  which  is  a  very 
easy  fit  in  an  open-topped  cylinder  or  dash  pot  M,  which  is 
filled  with  water  when  the  brake  is  in  use.  The  weights  W  are  of 
different  sizes,  and  are  slipped  on  to  the  rod  above  a  disc,  which  is 
screwed  to  it  for  supporting  them  at  such  a  level  as  to  be  well  above 
the  top  of  the  dash  pot,  when  the  instrument  is  in  use ;  but  so  that 
they  can  rest  on  the  top  flange  of  the  dash  pot,  when  the  brake  is  at 
rest,  without  pushing  the  pendulum  very  far  over  in  the  opposite 
direction. 
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The  revolutions  of  tlie  brake  are  registered  on  a  connter,  placed 
on  a  standard  opposite  the  end  C  of  the  shaft,  and  connected  or 
disconnected  at  will  by  means  of  a  handle  and  driving  pins  on  the 
shaft  and  counter.  Platfonns  are  laid  round  the  carriage  for  the 
convenience  of  the  attendants,  one  of  whom  must  always  stand  by 
the  adjusting  screws  K,  and  alter  them  when  necessary  to  keep  the 
joints  G  opposite  the  pointers  L,  while  another  looks  after  the 
lubrication  and  cooling  of  the  straps  and  pulleys  with  water  services. 
The  usual  lubricants  used  are  tallow  and  blacklead,  introduced  in 
lumps  between  the  wood  blocks,  with  a  little  oil  occasionally  from 
lubricators  suspended  above  the  pulleys.  Water  cans,  with  cocks, 
are  also  placed  above  the  pulleys  for  the  water-cooling  services, 
the  supply  to  the  cans  being  usually  kept  up  by  a  small  hose  when 
there  are  conveniences  for  so  doing. 

A  forked  steel  gauge,  shown  in  Fig.  18,  Plate  35,  is  provided  for 
measuring  the  exact  radius  of  the  joint  Gr,  at  which  the  weights 
are  suspended.  To  facilitate  this  measurement,  the  joint  pin  G  is 
turned  down  to  sharp  points  at  its  ends,  and  the  mean  distance  of 
these  points  on  either  side  of  the  pulley  from  the  shaft  centre  are 
taken  by  pressing  the  fork  of  the  gauge  against  the  shaft  and  reading 
off  the  figures  on  a  scale  at  the  other  end  of  it.  The  gauge  has 
also  engraved  upon  it  a  scale  of  the  cii'cumferences  of  the  circles 
con-csponding  to  the  radii  of  the  joint  G,  and  it  is  usually  more 
convenient  to  read  off  this  scale.  The  brakes  were  fitted  in  the 
first  place  to  give  a  radius  of  2  ft.  9  in.  to  this  joint,  corresponding 
to  a  circumference  of  17 "2 7  ft.,  but  these  dimensions  of  course 
diminish  as  the  wood  blocks  wear  down. 

The  wood  block  beneath  the  joint  G  is  increased  in  length 
beyond  the  other  blocks,  partly  to  increase  the  bearing  surface  on 
the  pulley  there,  and  also  to  make  the  halves  of  the  strap,  with  its 
blocks  &c.,  as  divided  by  a  vertical  centre  line,  equal  in  weight. 
Then  the  effective  load  upon  tlic  brake  is  the  load  suspended  by 
the  rod  at  H,  namely  the  weight  of  rod  and  washer-plates  as 
measured  with  the  bottom  disc  in  water,  together  with  the  weights 
carried  by  the  rod. 
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The  ft.-lbs.  of  work  per  revolution  then  equals  the  effective 
weight  W,  multiplied  by  the  circumference  of  the  circle  whose 
radius  is  C  Gr,  Fig.  16. 

Putting  W  =  total  effective  weight  in  lbs. 

c    =  circumference  in  ft.  of  cii'cle  of  radius  C  G. 
n   =  number  of  revolutions  in  any  time. 
t    =  time  in  minutes. 
then  total  ft.-lbs.  of  work  done  =  W  X  c  x  n,  and  the  mean  actual 
brake  H.  P.  =  "  33000  x  t  • 

It  is  usual  in  trials  of  portable  and  other  engines  to  let  each 
exhibitor  determine  the  mean  speed  in  rev.  per  min.  and  the  H.  P. 
at  which  he  wishes  his  engine  to  be  tried.  Let  r  be  the  rev.  per 
min.,  and  P  be  the  power  which  he  elects  for;  then  the  gross 
weight  on  the  brake,  must  be 

™. 33000  X  -P 

"    —       c  X  r 

and  from  this  must  be   subtracted  the  weight  of   the  rod  &c.,  to 
determine  the  apparent  weights  which  must  be  applied. 

The  Botary  Hcrnd  Dynamometer  illustrated  in  Figs.  29  and  30, 
Plate  38,  was  made  in  1849,  for  testing  small  hand- worked 
machines,  and  has  been  in  frequent  use  ever  since  for  that 
purpose.  Considering  that  very  little  information  on  the 
subject  of  rotary  dynamometers  was  in  existence  at  that  date, 
it  may  be  looked  upon  as  a  very  ingenious  design.  It 
consists  of  a  bed-plate  and  two  A  frames,  carrying  two 
parallel  shafts  A  B  and  C  D,  connected  by  a  pair  of  toothed 
wheels  U  and  V,  each  14  in.  diam.  and  If  in.  wide.  The 
first  of  these  shafts  AB  is  supported  in  parallel  bearings  in  the 
usual  way,  and  carries  at  one  end  a  flywheel  E,  3  ft.  10  in.  diam,, 
with  a  handle  at  16  in.  radius,  for  working  it  by  manual  power.  The 
second  shaft  has  a  bearing  of  rounded  internal  section  D  at  one  end, 
to  permit  the  shaft  to  incline  slightly  upwards  at  the  other  end. 
When  the  instrument  is  not  in  use  this  shaft  rests  in  the  bottom  of 
a  slot  C  in  the  A  frame,  arranged  to  permit  it  to  rise  and  circle 
round  the  centre  of  the  shaft  AB.  At  its  end  D  this  shaft  carries 
a  belt  pulley  M,  2  ft.  7  in.  diam.  and  4  in.  wide,  from  which  any 
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machine  to  be  tested  is  di'iven.  A  long  lever  FL  encircles 
the  two  main  shafts  at  C  and  A,  and  is  prolonged  to  a  heavy 
counterweight  L  at  one  end,  and  at  the  other  suspends  a  Salter's 
spriug  balance  F,  attached  to  a  cantilever  projecting  from  the 
bed-plate.  An  oil  cyliader  G  below  the  lever  reduces  any  vibration 
which  may  arise  ia  the  apparatus.  The  lever  is  accurately  bushed 
at  A,  so  that  the  shaft  A  B  can  revolve  within  it,  without  allowing 
any  transverse  unsteadiness  of  the  lever.  The  bush  at  C  encircling 
the  other  shaft  is  rounded  or  knife-edged  in  the  middle,  to  permit 
the  shaft  to  rise  in  the  slot  as  above  described. 

To  the  face  of  the  weight  L  a  counter  N  is  attached.  This  is 
hinged  at  one  end,  with  a  spring  behind  it  at  the  other,  so  as  to  press 
a  small  integrating  disc  contained  in  it  against  the  face  of  a  driving 
disc  0,  which  is  di'iven  by  a  train  of  wheelwork  P  from  the 
shaft  AB.  This  wheelwork  can  be  disconnected  at  pleasure  by 
the  clutch  and  handle  Q ;  and  it  also  drives  a  counter  R,  for 
registering  the  number  of  revolutions  in  a  given  time.  The 
counterweight  L,  on  the  lever  F  L,  must  be  adjusted  lengthways,  so 
as  just  to  balance  the  lever  and  everything  upon  it  about  its 
bearing  on  the  shaft  AB.  This  includes  such  proportion  of  the 
weight  of  the  shaft  C  D,  and  the  toothed  wheel  V  upon  it,  as  would 
naturally  be  supported  at  C.  To  be  accurate,  half  of  the  weight  of 
the  driving  belt  should  at  the  same  time  be  suspended  from  the 
di'iving  pulley  M,  as  that  also  must  be  balanced. 

The  counter  I^  is  then  shifted  longitudinally  on  the  face  of  the 
weight,  till  the  integrating  disc  N  is  exactly  opposite  the  centre  of 
the  disc  0,  when  the  lever  is  at  the  right  height.  The  screw  above 
the  spring  balance  F  must  then  be  adjusted,  tiU  the  integrating 
disc  N  is  exactly  at  the  right  height.  The  spring  balance  should 
now  stand  at  zero  on  its  scale,  otherwise  the  balance  of  the  lever 
must  be  further  corrected  with  small  weights  suspended  in  suitable 
positions ;  the  instrument  is  then  in  correct  adjustment.  Any 
machine  to  be  tested  is  brought  up,  and  a  belt  applied  to  the  pulley  M, 
so  that  the  two  sides  of  it  will  leave  it  in  an  average  horizontal 
direction.  If  materially  inclined,  the  true  balance  is  disturbed  by 
the  vertical  component  of  the  pull  of  the  belt. 
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The  instrument  is  usually  worked  by  two  men,  at  nearly  uniform 
speeds,  regulated  by  the  vibration  of  an  adjustable  pendulum  S 
suspended  to  the  frame.  The  instrument  being  in  true  adjustment, 
the  ft. -lbs.  of  work  done  in  any  revolution  is  manifestly  equal  to  the 
puU  in  lbs.  upon  the  spring  balance  F,  multiplied  by  the  circumference 
in  ft.  of  the  circle  whose  radius  is  A  F.  This  can  be  equated  to 
the  index  recorded  by  the  integratiag  counter  'N,  multiplied  by  a 
constant  G,  which  can  be  determined  inversely  by  pressing  the  lever 
upwards  tUl  the  Salter's  spring  balance  records  a  certain  strain, 
and  then  noting  the  integration  recorded  by  the  counter  N"  in  a 
given  number  of  revolutions,  as  per  the  revolution  counter  R. 
Then  if  TF  =  strain  on  spring  balance  in  lbs. 

c    =  circumference  in  ft.  of  circle  of  radius  A  F. 

n   =  revolutions  of  integrating  counter. 

N  =  revolutions  of  handwheel  as  per  revolution  counter. 

The  ft.-lbs.  of  work  done,  Nxcx  W=^  G  X  n.  Therefore  G  =  ^Lii^il_^- 
.  .  .  '"' 

If  the  instrument  is  not  in  perfect  adjustment  when  tested,  and 

successive  readings  with  different  loads  on  the  spring  are  not  exactly 

proportional  to  those  loads,  in  consequence  of   there  having  been 

some  initial  strain  or  slackness  at  F  when  the  integrating  disc  was  at 

zero  on  the  driving  disc,  it  will  generally  be  found  that  the  readings 

can  be  made  proportional  to  one  another,  by  adding  to  or  subtracting 

from  each' reading  the  product  of  a  constant  S"  into  the  revolutions  N. 

The  way  of  dealing  with  this  sort  of  correction  was  fully  treated  of 

in  the  previous  description  of  the  plough  dynamometer.     The  result 

is  that  in  all  subsequent  calculations  («  it.  KN)  must  be  substituted 

for  n. 

Then  the  ft.-lbs.  of  work  done  =  G  {a  ±KN) 
and  G  =       n  +  KN 

The  actual  instrument  under  review  was  proportioned  to  give 
as  nearly  as  possible  the  actual  ft.-lbs.  of  work  done  in  the  figures 
on  the  integrating  counter,  so  as  to  avoid  all  subsequent  calculations, 
as  G  then  becomes  =  1.  The  last  time  it  was  tested  with  thi-ee 
successive  loads  it  gave  G  =  1,K=  +  17;  so  that  in  the  subsequent 
trials  the  ft.-lbs.  of  work  done  was  determined  to  he  =  n  +  17  N. 
A   little   more    care    in   previous    adjustment  might  have  reduced 

k2 
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ii  to  0;  then  the  ft.-lbs.  of  work  would  have  equalled  «.  The 
principle  of  this  instrument  is  believed  to  have  been  original, 
and  some  points  in  the  arrangement  are  well  worthy  of 
considei*ation  in  designing  rotary  dynamometers  of  larger  power. 
In  the  details  however  there  is  room  for  improvement, 
the  greatest  difficulty  in  the  use  of  it  being  the  accurate 
balancing  of  the  lever,  and  the  adjustment  of  the  integrating  disc. 
It  should  further  be  remarked  that  the  integrating  disc  does  not 
move  exactly  radially  across  the  face  of  the  driving  disc  0,  but  in 
an  arc  of  a  circle  having  its  centre  at  A.  The  slightest  transverse 
twisting  of  the  lever  and  counterweight  L,  or  slackness  of  the 
counter  in  its  hinges,  is  liable  to  move  the  integrating  disc  N  on 
the  face  of  the  driving  disc  0,  thus  falsifying  aU  tests  and 
subsequent  trials.  It  should  further  be  remarked  also  that  the 
range  of  travel  of  the  integrating  disc  on  the  driving  disc  with 
average  loads  is  very  small.  The  instrument  was  made  in  the  first 
place  without  an  iutegi-ating  ari'angement,  which  was  added  a  few 
years  subsequently. 

Large  Rotary  Dynamometers. — The  Society  possesses  two  of  these 
machines.  The  smaller  only  is  described  in  this  paper,  and  is 
proportioned  for  working  to  a  maximum  of  20  H.  P.  at  120  rev. 
per  min.,  for  testing  threshing  and  other  machines  worked  by 
oi'dinary  portable  engines.  The  second  instrument  is  similar  in 
principle  but  larger,  being  capable  of  working  up  to  50  H.  P. ;  it 
was  made  specially  for  testing  roundabout  ploughing  tackle  in  1864. 
Successive  editions  of  the  20  H.  P.  dynamometer  appear  to  have 
been  made  in  1850,  1854,  and  1860,  for  testing  threshing  machines, 
each  being  an  improvement  on  the  preceding  instrument.  The  first 
named  was  indeed  rather  smaller  in  size,  and  was  made  for  testing 
threshing  machines  driven  by  horses,  and  it  was  not  furnished  with 
integrating  apparatus.     The  last  named  is  the  only  one  now  existing. 

The  20  H.  P.  Rotary  Dynamometer  is  shown  in  Figs.  26  to  28, 
Plate  37,  and  consists  primarily  of  a  pair  of  well-balanced  fast  and 
loose  pulleys  A  and  B,  on  a  sliaft  C  D  which  is  carried  in  bearings  on 
two  A  frames,  supported  on  a  timber  carriage.     The  pulley  A  is 
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keyed  tight  on  the  shaft,  and  the  power  of  the  engine  or  other  prime 
mover  is  conveyed  to  the  dynamometer  either  by  a  belt  on  this 
pulley,  or  by  a  universal  coupling  shaft  E  on  one  end  of  the  machine. 
The  machine  under  trial  is  driven  by  a  belt  from  the  pulley  B, 
which  though  loose  apon  the  shaft  is  connected  with  the  pulley  A  by 
a  series  of  springs,  which  permit  it  to  lag  behind  the  pulley  A,  the 
angles  of  twist  being  proportional  to  the  effective  strain  transmitted 

byB. 

The  springs  are  arranged  in  the  following  manner.  The  boss 
of  the  pulley  B  projects  2  inches  beyond  the  edge  of  its  rim, 
which  nearly  touches  the  edge  of  the  rim  of  A;  while  from 
the  inside  of  the  rim.  of  A  two  flat  plates  FF  at  opposite 
sides  project  into  the  pulley  B,  Figs.  26  and  28.  To  the  boss  of  B 
and  its  elongation,  four  cui'ved  springs,  shaped  like  short  watch- 
springs,  and  each  2  in.  wide  by  -^  in.  thick,  are  attached  as 
shown.  Two  of  these  GrGr,  near  the  centime  arms  of  B,  wind 
outwards  in  one  direction,  and  are  attached  to  the  pulley  A  at  its 
rim  by  means  of  the  arms  F  F  above  referi'ed  to.  The  other  two 
springs  H  H,  on  the  prolongation  of  the  boss  of  B,  wiud  outwards  in 
the  opposite  direction,  and  are  attached  direct  to  the  rim  of  A. 
The  object  of  arranging  the  springs  in  opposite  directions  is  to 
neutralise  the  effects  of  centrifugal  force  upon  them,  the  earlier 
instruments  with  springs  in  only  one  direction  having  given  much 
trouble  from  that  cause ;  it  also  has  the  effect  probably  of  making 
the  angles  of  twist  between  the  pulleys  vaiy  more  exactly  with  the 
moment  of  the  twisting  couple  between  them. 

The  pulley  B  is  retained  accurately  in  one  position  endways  on 
the  shaft  by  a  collar  on  one  side,  and  the  boss  of  A  on  the  other. 
On  the  boss  of  B,  facing  the  bearing  C,  a  veiy  short  piece  of  a  coarse- 
pitched  double-thi'eaded  brass  screw  K  is  pinned,  and  these  threads 
bear  against  a  small  crosshead  L,  which  is  passed  through  a  slot  in 
the  shaft,  and  has  its  ends  bevilled  off  to  partial  screw  threads,  so  as 
to  fit  on  the  screw  K,  as  shown  to  a  larger  scale  in  Figs.  23  to  25, 
Plate  30.  The  slot  through  the  shaft  extends  nearly  to  the 
bearing  C,  thus  giving  the  crosshead  L  freedom  to  slide 
along  it  in  the  dii'ection  of  the  bearing.  From  its  extremity  at  M 
to   the   slot  the   shaft  is  bored   out,   and   a  smaU  rod    N  passes 
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up  this  bore,  and  is  screwed  to  the  crosshead  L.  A  light  spiral 
spring  encircles  this  rod  in  the  bore,  and  presses  the  crosshead  L 
lightly  against  the  screw  K,  the  resistance  at  its  other  end  being 
produced  by  the  screwed  bush  at  M. 

The  rod  N  is  prolonged  beyond  the  end  of  the  main  shaft,  to 
work  the  slide  0  of  a  counter  and  disc  integrating  apparatus,  Figs. 
22  and  23.  The  slide  works  in  V  grooves,  and  contains  in  itself  an 
integrating  disc  P,  supported  on  brackets  projecting  from  the  side, 
with  its  integrating  counter  Q,  and  a  pencil  for  recording  diagrams 
on  a  paper  cylinder  R.  The  driving  disc  S,  the  revolution  counter  T, 
and  the  paper  cylinder  turning  gear  are  driven  by  means  of  a 
small  spur  pinion  contained  on  the  nut  which  is  screwed  into  the 
main  shaft  at  M.  This  pinion  gears  into  a  wheel  on  the  counter 
apparatus,  and  thence  the  various  motions  are  conveyed  by  bevil 
and  other  wheels,  with  a  disconnecting  clutch  at  V  for  stopping 
and  starting  the  recording  apparatus   at  pleasure. 

Inasmuch  as  the  angle  moved  through  by  the  loose  pulley  B, 
relatively  to  the  fast  one  A,  varies  nearly  as  the  load  on  the  springs, 
the  travel  of  the  crosshead  L  and  slide  Q,  being  worked 
longitudinally  by  uniform  screw-threads,  must  vary  in  the  same 
ratio.  It  follows  from  this  that  the  motion  of  the  pencil  on  the  paper 
cylinder,  and  the  radius  of  contact  of  the  integrating  disc  P  on  the 
driving  disc  S,  will  also  vary  uniformly  with  the  twisting  moment,  if 
they  are  adjusted  to  their  respective  zeros  when  the  springs  are 
unloaded  and  free  in  both  directions. 

The  work  done  in  ft. -lbs.  can  consequently  be  represented  as 
the  product  of  a  constant  C  into  the  revolutions  recorded  by  the 
integrating  counter,  in  the  same  way  as  in  the  plough  and  hand 
rotary  dynamometers  described  above,  the  integrating  apparatus 
now  imder  review  being  on  exactly  the  same  jjriuciple  as  theirs. 

Let  n  z=  revolutions  of  integrating  disc  as  recorded  by  its  counter. 

Then  the  ft. -lbs.  of  work  done  in  any  experiment  =  C  X  «. 

The  constant  C  is  usually  determined  by  securing  the  shaft  and 
fast  pulley  A,  and  loading  the  loose  pulley  B  ^vith  a  known 
weight  ir,  suspended  on  one  side  by  a  small  cord  wound  round  its 
rim   and   attached   elsewhere,    the    discs   and    other  parts  having 
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been  previously  adjusted  acciu-atelj.  Then  the  clutch  at  V  being 
disconnected,  the  registering  apparatus  is  tui'ned  round  by  hand  till 
any  number  of  revolutions  of  the  dynamometer  is  recorded  by  the 
counter  T. 

Let  N  =  such  revolutions  of  dynamometer. 
c  =  cii'cuniference  of  pulley  in  ft. 
W  =  weight  in  lbs.  applied  to  its  circumference. 
n  =  revolutions    recorded    by    integrating   counter 
when  N  is  taken. 

Then  the  ft. -lbs.  of  work  may  be  represented  by  either  of 
the  expressions,  N  x  c  X  W,ovCx  n . 

Therefore         N  x  c  x  W  =   C  x  a 
and  (J  = ji . 

The  t^est  should  be  repeated  with  increased  loads,  and  should 
be  applied  at  different  parts  of  the  circumference  of  B,  to 
eliminate  errors  arising  fi'om  lack  of  balance  of  the  pulley  B,  and 
to  determine  whether  any  material  correction  K,  as  in  the  plough 
dynamometer,  must  be  taken  into  account,  in  consequence  of 
imperfect  adjustment  at  starting.  The  constant  C  of  these  springs 
now  in  use,  when  last  determined,  was  almost  exactly  50,000,  and 
no  correction  K  was  necessaiy.  For  the  maximum  twisting  moments 
which  this  dynamometer  is  capable  of  transmitting,  annular  rings 
are  put  on  to  the  pulleys  A  and  B,  to  increase  theii'  diameters  to 
4  ft.  6  in. 

In  the  50  H.  P.  Rotary  Dynamometer  the  chief  difference  fi'om 
the  20  H.  P.  dynamometer  described  above  is  that  it  is  provided 
with  sis  straight  radial  spiings  attached  to  the  projecting  boss  of  the 
loose  pulley  B,  and  bearing  against  rollers  projecting  fi'om  the  anns 
of  the  fast  pulley  A  just  within  its  rim.  The  springs  are  thin  flat 
tapered  plates,  proportioned  to  act  as  cantilevers  supported  at  the 
centre  boss  and  loaded  at  the  bearing  rollers  at  their  outer  ends. 
The  writer  prefers  this  arrangement  to  that  of  the  cm-ved  springs 
in  the  smaller  instrument,  believing  that  the  angles  moved  tkrough 
by  the  straight  springs  must  vary  more  uniformly  with  the  twisting 
moments  than  in  the  curved  springs  previously  described;  but 
unfortunately  he   has  had   no   personal   experience   in  using  this 
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dynamometer.  In  a  recent  duplicate  of  the  20  H.P.  dynamometer 
made  for  the  Chilian  Exhibition  Commissioners,  the  screw  K  and 
crosshead  L  that  communicate  the  deflection  of  the  springs  to  the 
integrating  wheel  have  been  replaced  by  a  pair  of  bevil  wheels  at 
the  boss  of  the  loose  pulley,  and  a  pinion  and  rack  inside  a  slot  in 
the  shaft,  the  rod  of  the  integrating  apparatus  being  attached  to 
this  rack. 

The  writer  regrets  that  he  is  but  imperfectly  acquainted  with 
the  history  of  dynamometer  designs.  Spring  links  for  testing 
draughts  of  vehicles  are  undoubtedly  very  old,  and  he  has  found 
records  of  a  weU-designed  instrument  of  this  kind  used  by  M.  Prony 
at  the  Ecole  Polytechnique  in  Paris  at  the  end  of  the  last  century. 
At  the  present  time  Messrs.  Salter  of  Westbromwich  make  several 
varieties  of  this  simple  instrument.  The  friction  brake  in  its 
original  shape  is  attributed  to  M.  Prony,  but  it  was  very  much 
improved  by  the  late  Mr.  Appold,  by  the  introduction  of  a  differential 
adjustment  very  similar  to  that  now  in  use  as  described  above, 
his  first  application  of  this  addition  being  to  some  crank  brakes  for 
prison  labour  at  Bridewell  some  years  before  the  Royal  Agricultural 
Society  began  to  test  steam  engines.  This  brake  was  also  applied 
with  great  success  to  telegraph-cable  laying  machinery.  General 
Morin  is  the  highest  authority  who  has  written  on  the  subject  of 
integrating  traction  and  rotary  dynamometers.  In  a  paper  dated 
1841,  "Sur  divers  Appareils  dynamometriques,"he  describes  several 
dynamometers  with  the  integrating  disc  arrangement  adopted  in 
later  years  in  the  Society's  instruments  above  described,  and  also 
Ernst's  planimeter,  an  aiTangement  of  a  disc  running  on  a  cone, 
for  effecting  a  similar  object.  At  the  end  of  his  paper  he  attributes 
most  of  the  designs  described  by  him  to  his  friend  and  instructor 
Poncelet.  Mr.  Froude  has  enriched  the  proceedings  of  this 
Institution  with  his  original  paper  on  dynamometers  in  1858. 

All  the  Society's  instruments  exceptiag  the  spring  links  have 
been  made  by  the  late  firm  of  Easton  and  Amos,  now  Eastons  and 
Anderson,  who  since  the  year  1848  have  been  consulting  engineers 
to  the  Royal  Agricultural  Society,  and  custodians  of  its  apparatus. 
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The  arrangement  of  all  the  older  instruments  was  the  work  of  Mr. 
C.  E.  Amos,  while  the  merit  of  some  of  the  most  ingenious 
contrivances  must  be  shared  between  him  and  the  late  Mr.  Appold, 
whose  rare  inventive  genius  left  its  mark  on  everything  he  touched. 
The  writer's  experience  in  the  use  and  testing  of  them  has  been 
gained  at  the  last  six  annual  implement  trial  meetings  of  the 
Society,  at  which  they  have  been  the  means  of  affording  some  very 
valuable  statistics.  A  very  powerful  traction  dynamometer  with 
ten  pairs  of  springs  was  made  recently  by  the  Society's  engineers 
for  the  Indian  State  Railways. 


Mr.  Rich  exhibited  the  spring  links  or  dial  balances  belonging 
to  the  Royal  Agricultural  Society,  the  plough  dynamometer,  the 
long  flat  spring  of  the  horse  dynamometer,  and  the  counter  and 
disc  integrating  apparatus  of  the  20  H.  P.  large  rotaxy  dynamometer 
described  in  the  paper. 

Mr.  F.  J.  Bramwell  said  he  did  not  propose  to  discuss  the 
subject  of  the  paper,  because  that  paper  dealt  with  it  in  so 
complete  a  manner  that  he  had  nothing  to  add  to  it.  It  had  been 
his  lot  to  work  with  these  instruments  very  often,  at  the  Royal 
Agricultural  Society's  trials,  and  therefore  he  knew  their  merits  in 
practice.  He  wished  however  to  be  allowed  to  lay  before  the  meeting 
two  matters  in  connection  with  the  subject  of  dynamometers.  One 
was  a  very  simple  mode  of  making  rapidly  a  dynamometer,  which, 
although  not  by  any  means  so  accurate  as  the  instruments  which 
had  been  described  in  the  paper,  was  sufl&cient  for  the  purpose  of 
giving  a  rough  estimate  of  the  power  exerted  by  a  portable  engine 
in  doing  any  particular  work ;  the  plan  was  the  invention  he 
beHeved  of  one  of  Messrs.  Ransomes  Sims  and  Head's  managers. 
Over  the  driving  pulley  of  the  engine  to  be  tried  was  laid  a  leather 
friction  strap,  to  one  end  of  which  was  attached  the  weight  to  be 
lifted,  while  the  other  end  was  fixed  to  an  ordinary  spring-balance. 
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The  engine  was  then  set  to  work  to  lift  the  weight,  and  supposing  the 
gross  weight  suspended  from  the  strap  was  100  lb.,  and  that  when 
it  was  held  up  from  the  ground  by  the  engine  the  spring-balance 
indicated  20  lb.,  then  the  effective  weight  lifted  by  the  engine  would 
be  80  lb.  Suppose  the  friction  increased  and  the  band  began  to 
wind  the  weight  up,  so  that  the  tension  upon  the  spring  was  reduced 
to  say  18  lb. ;  then  the  effective  weight  would  be  82  lb.,  and  that 
would  restore  the  balance  of  work.  If  on  the  other  hand  there 
was  not  friction  enough,  and  the  weight  began  to  fall,  the  spiral 
spring  would  be  extended  and  the  effective  weight  would  be 
lightened,  because  the  spiral  spring  by  its  range  of  motion  would 
take  an  increased  portion  of  the  strain  and  thus  cause  a  deduction 
from  the  weight  at  the  other  end  of  the  strap.  This  contrivance 
was  knocked  up  in  two  or  three  hours  on  one  occasion  alongside  the 
Nile  at  Cairo,  when  he  was  trying  one  of  Messrs.  Eansomes'  engines 
for  burning  cotton  stalks  and  straw,  and  it  worked  in  an  extremely 
efficient  manner,  with  little  variation.  He  mentioned  it  as  a  mode 
by  which  any  one  who  had  to  make  a  trial  of  a  portable  engine,  and 
had  not  a  dynamometer  at  hand  such  as  that  described  in  the  paper, 
could  do  it  for  himself  with  a  common  strap,  weight,  and  spi'ing- 
balance  which  he  might  take  off  the  safety-valve  of  an  engine. 

The  next  thing  to  which  he  wished  to  call  attention  was  an 
improvement  that  had  been  made  by  Mr.  James  Thomson  of 
Glasgow  in  the  integrating  apparatus  described  in  the  paper,  which 
improvement  had  been  exhibited  at  a  meeting  of  the  Royal  Society 
this  spring.  The  small  integrating  wheel  shown  in  the  drawing,  as 
it  traversed  radially  across  the  face  of  the  large  disc,  did  so  by  a 
rubbing  motion,  and  the  wheel  therefore  suffered  to  a  certain  extent. 
Mr.  Thomson's  invention  was  to  change  that  rubbing  motion  to  a 
rolling  motion  by  the  employment  of  a  sphere,  the  only  rubbing 
motion  remaining  being  that  which  was  due  to  the  light  contact  of 
the  sphere  with  a  fork  or  pair  of  prongs  which  caused  its  lateral 
movement.  The  large  disc  was  laid  w4th  its  face  inclined,  instead  of 
vertically ;  and  across  the  lower  half  of  its  face,  but  not  touching  it, 
was  carried  a  horizontal  roller ;  then,  lying  supported  by  the  disc  and 
by  the  roller,  there  was  a  sphere,  which  was  opposite  the  centre  of  the 
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disc  when  the  instrument  was  at  rest ;  the  sphere  was  held  in  the 
fork,  by  which  it  was  moved  across  the  face  of  the  disc  in  accordance 
with  the  particular  strain  upon  the  instrument  at  any  time  in 
working,  the  movement  being  thus  done  by  a  rolling  motion.  The 
large  disc  communicated  its  motion  to  the  sphere,  and  the  sphere 
communicated  its  motion  to  the  cylinder,  and  the  cylinder  worked 
the  registering  apparatus.  By  that  contrivance  every  rubbing 
motion  was  got  rid  of,  except  the  mere  light  contact  of  the  fork 
which  embraced  the  ball. 

Mr.  E.  A.  CowPER  did  not  think  that  by  the  employment  of  a 
sphere  in  the  manner  just  described  an  absolute  rolling  motion 
was  obtained,  and  that  it  was  mathematically  coirect.  He  had  seen 
Mr.  Thomson's  instrument  in  the  South  Kensington  Exhibition,  and 
it  was  a  very  nice  apparatus,  and  the  motion  was  a  very  good  one ; 
but  it  was  not  quite  perfect.  The  surface  of  the  cylinder  moved  of 
course  with  a  truly  circular  motion  round  its  axis,  without  any 
twisting;  but  the  disc  was  moving  round  an  axis  at  right  angles  to 
that  of  the  cylinder,  so  that  if  the  ball  rolled  fairly  against  the 
cylinder  it  did  not  roll  fairly  against  the  disc.  The  ball  rolled  very 
well,  but  it  could  not  roll  quite  truly ;  and  of  course  there  was  the 
little  friction  of  the  two  prongs  of  the  fork  holding  the  ball.  The 
whole  power  communicated  from  the  disc  to  the  cylinder  or  from 
the  cylinder  to  the  disc  was  by  means  of  the  weight  of  the  heavy 
brass  ball  lying  between  the  two.  He  certainly  preferred  the 
arrangement  shown  in  the  drawings  and  described  in  the  paper, 
having  the  small  integrating  wheel  in  contact  with  the  face  of  the 
large  disc.  In  that  case  the  edge  of  the  small  wheel  was  rounded, 
and  might  be  imagined  to  form  a  portion  of  a  ball  that  was  rolling 
in  contact  with  the  disc,  in  as  perfect  a  manner  as  the  ball  in  the 
former  case. 

But  there  was  another  mode  of  taking  up  the  motion,  which  he 
thought  was  better,  namely  the  conical  one  alluded  to  in  the  paper 
as  Ernst's  planimeter.  It  was  invented  by  Mr.  Henry  Chapman, 
and  used  by  him  in  1840 ;  but  he  thought  it  had  been  previously 
invented  by  M.  Ernst.     The  small  integrating  wheel  by  which  the 
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motion  was  taken  up  ran  in  contact  with  the  surface  of  a  cone,  the 
axis  of  which  was  in  the  same  plane  with  that  of  the  wheel,  but 
inclined  to  it  at  half  the  angle  of  the  cone,  so  that  the  side  of  the 
cone  on  which  the  integrating  wheel  ran  was  parallel  to  the  axis  of 
the  wheel.  When  the  wheel  was  running  in  its  middle  position — 
namely  where  the  diameter  of  the  cone  at  the  point  of  contact  was 
proportioned  to  the  wheel  as  the  speeds — there  was  no  relative 
motion,  and  this  was  therefore  the  zero  line  upon  the  paper 
recording-cylinder.  If  the  wheel  were  moved  further  away  from 
the  apex  of  the  cone,  it  ran  upon  a  larger  diameter ;  and  if  nearer  to 
the  apex,  upon  a  smaller  diameter;  in  either  case  giving  a  difference 
in  the  motion.  Now  the  edge  of  that  little  integrating  wheel  was 
more  nearly  conforming  to  the  surface  of  the  cone ;  therefore  the 
surface  at  the  edge  might  even  be  made  a  very  flat  curve,  so  as  to 
have  a  good  bite  on  the  cone,  in  consequence  of  being  able  to  bear 
a  good  pressure  without  bruising  the  metal;  and  it  did  not  tmst 
so  much  as  a  wheel  running  upon  the  face  of  a  flat  disc  in  the 
arrangement  described  in  the  paper.  The  instrument  was  invented 
for  taking  the  profile  of  roads  in  levelling ;  it  was  placed  on  a  four- 
wheel  cari'iage,  and  a  very  heavy  pendulum  was  connected  to  it,  so 
that  as  the  machine  went  up  or  down  hill  the  pendulum  hung 
vertically,  and  di'ew  a  complete  profile  of  the  road  upon  a  paper 
cylinder. 

Mr.  A.  Paget  thought  one  great  advantage  of  the  ball  apparatus 
described  by  IMr.  Bramwell  would  be  that  it  obviated  the  loss  of 
the  true  proportion  in  the  movements  by  the  wearing  of  the 
circumference  of  the  small  integrating  wheel  in  the  arrangement 
described  in  the  paper.  The  wearing  of  the  cylinder  actuated  by 
the  ball  would  be  infinitesimally  small,  whereas  the  wear  on  the 
edge  of  the  small  wheel  must  be  considerable.  In  the  ball  apparatus 
the  larger  part  of  the  wear  would  take  place  on  the  ball  itself,  and 
therefoi'e  the  proportion  of  the  motions  would  be  kept  true.  That 
would  he  thought  be  a  great  advantage  connected  with  the  ball 
arrangement,  which  would  not  attend  the  conical  plan  just 
described. 
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Mr.  H.  Darwin  described  a  proposed  dead-weight  rotary 
dynamometer,  designed  by  himself  at  Messrs.  Eastons  and  Anderson's 
works,  for  obviating  the  use  of  a  spring,  by  employing  a  system  of 
rods  and  a  weight,  whereby  the  distance  of  the  integrating  wheel 
from  the  centre  of  the  large  disc  was  always  proportional  to  the 
moment  of  the  force  turning  the  dynamometer.  The  principle  of 
the  arrangement  is  illustrated  in  the  diagram.  Fig.  34,  Plate  39,  in 
which  the  line  0  G-  represents  a  rod  capable  of  turning  freely  in  the 
plane  of  the  paper  about  the  fixed  point  0  ;  at  Gr  it  is  pivoted  to  the 
centre  of  a  rod  A  Gr  B,  which  is  twice  the  length  of  0  G.  Then  the 
point  B  beiug  guided  to  move  in  the  vertical  line  0  B,  the  other  end 
A  of  the  rod  vnll  necessarily  move  in  the  horizontal  line  O  A,  in 
■  consequence  of  the  property  that  the  angle  contained  in  a  semicircle 
is  a  right  angle ;  this  is  in  fact  the  principle  of  the  ordinary 
grasshopper  parallel  motion.  At  B  a  weight  W  is  suspended,  and 
at  A  a  horizontal  force  P  acts  which  is  proportional  to  the  moment 
turning  the  dynamometer.  As  the  rod  0  G  can  tui'n  freely  at  0, 
the  reaction  at  G  must  be  in  the  dii-ection  GO,  when  there  is 
equilibrium ;  and  as  there  are  three  forces  acting  on  the  rod  A  G  B, 
two  of  which — namely  the  horizontal  force  P  and  the  reaction  at  G — 
have  their  directions  meeting  at  the  poiat  0,  the  direction  of  the 
third  force  must  also  pass  through  the  same  point  0  ;  that  is  to  say, 
neglecting  the  weight  of  the  rods,  there  will  be  no  reaction  between 
the  end  B  and  its  guides.  The  directions  of  these  three  forces  being 
parallel  to  the  sides  of  the  triangle  0  H  G,  their  magnitudes  are 
proportional  to  the  length  of  its  sides,  and  therefore  the  force  P 
varies  as  the  tangent  of  the  angle  which  the  rod  0  G  makes  with  the 
vertical,  as  TT  is  a  constant.  Consequently  the  further  the  point  A 
moves  from  0,  the  greater  P  becomes ;  and  when  the  rods  0  G  and 
A  B  are  vertical,  P  is  nothing.  If  the  rod  G  O  be  prolonged  in  a 
straight  line  beyond  the  fixed  centre  O,  and  F  be  its  intersection 
with  a  horizontal  line  drawn  through  any  point  E  in  the  vertical 
line  E  0  B,  the  distance  of  F  from  E  will  evidently  vary  as  the 
tangent  of  the  angle  which  0  G  makes  with  the  vertical,  and 
therefore  as  the  force  P.  This  force  being  proportional  to 
the     moment     turning     the    dynamometer,     it     follows     that    if 
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tlie  small  integrating  wheel  be  made  to  move  towards  or 
from  tlie  centre  of  the  disc  as  the  point  F  mores  towards 
or  from  E,  the  counter  attached  to  the  integrating  wheel 
will  register  a  number  proportional  to  the  work  passing  through  the 
machine.  The  weights  of  the  rods  0  Gr  and  A  B,  which  have  here 
been  neglected,  will  only  have  the  effect  of  causing  a  slight  reaction 
between  the  end  B  and  its  guides,  and  of  adding  a  small  amount  to 
the  weight  W;  and  this  will  cause  no  error  in  the  action  of  the 
machine  constructed  upon  this  principle. 

In  Figs.  31  to  33,  Plate  39,  are  shown  an  elevation  and 
plan  of  the  rotary  dynamometer  designed  on  this  principle ;  the  only 
difference  being  that  the  point  B  from  which  the  weight  is  suspended 
is  guided  in  an  arc  of  a  circle  by  means  of  a  radius  rod  of  suitable 
length,  as  this  will  cause  less  friction  than  a  block  sliding  between 
guides,  and  will  produce  no  sensible  error.  If  requisite  a  dash-pot 
could  be  attached  below  the  weight ;  but  as  the  inertia  of  the  weight 
will  tend  to  reduce  oscillations,  this  may  not  be  necessary.  The 
counter  C  and  integrating  wheel  I  form  a  small  carriage,  the  weight 
of  which  is  supported  at  one  end  by  the  integrating  wheel  itself 
resting  on  the  face  of  the  large  horizontal  disc  D,  and  thus  causing 
sufficient  pressui'e  to  produce  rotation  of  the  wheel  when  the  disc 
rotates ;  and  the  other  end  of  the  cari'iage  is  supported  by  a  pair  of 
wheels  running  on  hoi-izontal  rails.  On  the  axle  of  these  carrying 
wheels  are  two  loose  I'ollers,  against  each  of  which  presses  one  ai*m 
of  the  fork  F  on  the  end  of  the  rod  0  G,  and  thus  the  carriage  and 
intesrratinsr  wheel  are  moved  backwards  and  forwards  as  the  fork 
moves  ;  the  arms  of  the  foi'k  are  held  together  by  a  spring,  so  that 
no  backlash  can  take  place.  The  integrating  wheel  I  is  adjusted  so 
as  to  be  at  the  centre  of  the  disc  D  when  the  fork  F  and  rod  0  Gr  are 
vertical ;  hence  its  distance  from  the  centre  of  the  disc  at  any  time 
is  proportional  to  the  force  P. 

The  pulley  N,  driven  by  a  belt  from  the  eng^e,  is  keyed  upon 
the  main  shaft  S,  on  which  is  also  carried  a  loose  pulley  R  of  the 
same  diameter,  for  driving  the  machine  to  be  tested.  The  shaft  S 
is  made  hollow,  and  inside  it  slides  a  flat  iron  bar,  the  outer  end  of 
which  is  connected  to  the  end  A  of  the  rod  A  B  by  a  swivel  joint, 
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allowing  the  bar  to  rotate  with  the  shaft ;  the  inner  end  of  the  bar 
is  attached  to  a  short  chain,  which  is  fastened  to  the  circumference 
of  the  small  wheel  J,  a  slot  being  cut  in  the  shaft  S  to  admit  the 
rim  of  the  wheel  for  this  purpose.  The  spindle  L  of  the  wheel  J 
is  supported  by  brackets  bolted  to  the  side  of  the  fast  pulley  N" ; 
and  on  one  end  of  the  spindle  is  keyed  another  small  wheel  K,  with 
a  short  chain  fastened  to  its  circumference,  the  other  end  of  the 
chain  being  attached  to  a  sector  of  a  cii'cle  M  cast  on  the  side  of  the 
loose  pulley  R.  The  whole  force  that  drives  the  loose  pulley  is  thus 
transmitted  through  this  chain,  the  tension  of  which  is  therefore 
proportional  to  the  driving  force ;  and  this  tension  being 
communicated  directly  through  the  wheel  J  and  the  sliding  bar  to 
the  point  A,  the  distance  of  the  integrating  wheel  from  the  centre 
of  the  disc  D  is  proportional  to  the  power  driving  the  machine  that 
is  being  tested. 

The  constant  for  this  dynamometer  will  not  have  to  be  determined 
every  time  the  instrument  is  used ;  when  once  known  it  will  not 
alter  with  use.  It  may  be  determined  in  the  ordinary  way  by 
hanging  known  weights  to  the  circumference  of  the  loose 
pulley,  and  turning  the  disc  D  a  known  number  of  times, 
and  then  reading  the  counter;  but  it  coidd  probably  be 
ascertained  with  greater  accuracy  by  calculation,  and  it  could  be 
made  equal  to  any  convenient  number  by  constructing  the  parts  with 
proper  dimensions.  For  the  particular  case  of  the  instrument 
shown  in  the  drawings  the  constant  would  be  1'557 ;  and  the  ft.-lbs. 
of  work  transmitted  through  the  dynamometer  would  consequently 
be  the  product  of  the  weight  Win  lbs.,  multiplied  by  the  reading 
of  the  counter  and  by  1'557.  The  integrating  wheel  I  can  be 
adjusted  to  its  proper  position  with  great  accuracy,  by  placing  the 
rod  AB  vertical  with  a  plumb-bob,  and  then  placing  the  wheel 
exactly  at  the  centre  of  the  disc  D  by  means  of  an  adjusting  screw ; 
this  would  be  a  permanent  adjustment.  For  any  case  where  great 
accuracy  was  required,  a  greater  travel  could  be  given  to  the 
integrating  wheel  by  lengthening  the  fork  F,  at  the  same  time 
making  the  disc  D  of  larger  diameter  and  placing  it  at  a  greater 
height  above  the  point  0.      Centrifugal  force  will  not  affect  the 
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action  of  this  instrument ;  but  in  dynamometers  in  which,  the 
springs  I'otate  it  is  impossible  to  be  sure  that  an  error  is  not 
introduced  from  this  cause.  A  slightly  modified  form  of  this 
dynamometer  might  with  advantage  be  permanently  applied  to  shop 
or  factory  shafting,  whereby  the  relative  economic  "Values  of  different 
coals  might  be  tested  with  great  ease  and  accui*acy,  and  also  the 
relative  values  of  different  oils  could  be  ascertained,  both  of  which 
would  tend  to  economise  coal  to  a  great  extent;  the  spring 
dvuamometer  could  not  well  be  applied  for  this  purpose,  as  the 
coefficient  of  the  spring  would  vaiy  too  much  under  such  a 
constant  sti*ain.  The  friction  of  the  joints  in  the  linkwork 
of  this  dead-weight  dynamometer  is  no  doubt  a  fault,  as  it 
is  important  that  the  relative  motion  of  the  engine  pulley  J^  and 
the  machine  pulley  R  should  take  place  with  as  Kttle  friction  as 
possible.  The  friction  of  the  linkwork  however  must  be  of  small 
importance  compared  with  that  of  the  loose  pulley  R.  upon  the 
shaft,  as  the  shaft  is  of  large  diameter  and  the  pressure  of  the 
pulley-boss  against  it  is  great,  owing  to  the  tension  of  the  belt. 
This  fi'iction  might  be  lessened  by  using  some  sort  of  friction  rollers : 
in  which  case  the  i*elative  motion  of  the  two  pulleys  would  take 
place  with  very  little  friction. 

Mr.  E.  H.  Cakbctt  observed  it  was  meutioned  in  the  paper  that 
a  powerful  traction  dynamometer  had  been  made  for  the  Indian 
State  Railways,  and  he  should  be  glad  to  know  whether  it  had 
answered  there.  It  was  a  thing  that  most  railway  companies  in  this 
country  would  be  glad  to  get ;  they  were  now  having  the  battle  of 
the  carriages,  long  and  short  can-iages,  Pullman  cars  and  others, 
and  he  was  sure  it  would  facilitate  many  of  the  experiments  if  they 
had  a  good  dynamometer.  He  should  be  glad  to  know  what  report 
had  been  received  from  India  on  this  subject.  A  similar  machine 
exhibited  at  the  Vienna  Exhibition  in  1873  was  said  to  work  well, 
but  no  definite  information  could  be  obtained  of  its  working. 

!Mr.  Rich  said  he  had  not  heard  anything  of  the  working  of  the 
traction  dynamometer  sent  out  to  the  Indian  State  Railways  since 
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its  arrival  in  India ;  but  lie  saw  no  reason  why  it  should  not  be  as 
good  and  accurate  an  instrument  as  the  horse  dynamometer,  which 
was  very  similar  in  principle.  It  was  fixed  in  a  light  covered  wagon, 
with  wrought-iron  frames  and  central  buffer  and  drawbar,  which 
was  available  for  other  purposes  when  the  dynamometer  was  removed. 
In  the  centime  of  the  carriage  framing  a  space  was  kept  clear  for 
the  reception  of  20  flat  springs,  laid  transversely,  each  4  ft.  long 
and  fitted  with  three  pin  joiats,  being  almost  identical  with  the  spring 
plates  in  the  horse  dynamometer.  The  springs  were  all  connected 
and  kept  at  uniform  distances  apart  by  longitudinal  links  pinned 
to  their  outer  ends.  The  leading  draught-bar,  to  which  the  engine 
was  coupled,  was  attached  to  the  carriage  in  the  usual  way.  The 
ten  front  springs  were  attached  at  their  centres  rigidly  to  the 
carriage  frame.  The  trailing  di-awbar  was  prolonged  to  embrace 
the  ten  back  springs  at  their  middle  pins,  and  to  it  was  connected  a 
lever  which  went  up  to  an  integrating  apparatus  ia  the  cairiage 
body,  having  also  a  continuous  paper  roll  on  which  variations  of 
draught  were  marked  by  a  pencil.  With  all  the  springs  in  use  the 
instrument  was  suited  for  maximum  draughts  of  15,000  lbs.,  but 
any  number  of  pairs  of  springs  could  be  easily  removed  for  testing 
smaller  draughts. 

Mr.  T.  AvELiNG  said  he  had  had  a  considerable  amount  of  experience 
in  the  use  of  the  friction  brake  dynamometer,  in  common  with  the 
numerous  engineers  engaged  in  the  manufacture  of  agricultural 
engines ;  and  he  had  sometimes  looked  at  that  machine  as  a  sort  of 
instrument  of  toriure,  because  when  the  engines  went  upon  the 
brake  there  was  no  mistake  about  it,  the  actual  duty  that  the  engine 
did  was  registered,  and  registered  in  a  manner  that  was  thoroughly 
satisfactory  as  to  accuracy,  and  the  engine  makers  knew  that  when  a 
decision  had  been  aiTived  at  by  the  use  of  that  machine  it  had  been 
arrived  at  honestly.  It  had  been  used  a  good  deal  lately  for  some 
agricultural  associations  with  which  he  was  connected  in  the  county 
of  Kent.  They  had  been  giving  up  some  of  the  old  prizes  formerly 
awarded  to  the  agricultural  labourers ;  and  they  thought  it 
advisable  to  give  prizes  to  the  men  working  the  agricultural  engines, 
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SO  that  their  efficiency  might  be  tested.  He  had  lately  superintended 
the  trials  of  iipTvards  of  forty  men  -with  one  of  the  friction 
brake  dynamometers,  and  the  necessity  for  snch  trials  had 
been  very  plainly  shown ;  for  in  some  cases  with  a  consumption  of 
220  lb.  of  coal  a  man  had  produced  only  7, .500  revolutions  of  the 
brake  wheel,  while  others  had  produced  17,000  revolutions  with  the 
same  engine.  That  the  instrument  was  an  extremely  valuable  one 
he  was  certain ;  the  present  state  of  the  efficiency  of  agricultural 
engines  was  dependent  entirely  upon  the  use  of  it.  He  thought 
that  not  only  the  agricultural  interest  generally,  but  the  Royal 
Agricultural  Society  also,  were  very  much  indebted  to  those  who 
had  originally  brought  out  that  dynamometer. 

Mr.  W.  H.  MwY  remarked  upon  the  coupling  of  the  two  ends  of 
the  brake  strap  to  the  pendulum  lever  in  the  friction  brake 
dynamometer,  that  he  thought  upon  the  way  in  which  the 
ends  were  coupled  depended  to  a  certain  extent  the  correct 
action  of  the  instrument.  Supposing  for  instance  that  the 
weight  hanging  on  the  brake  required  a  tension  of  100  lbs.  on  the 
brake  strap,  and  that  the  lengths  of  the  two  arms  AC  and  AB  of  the 
pendulum  lever  (Fig.  21,  Plate  36)  were  as  10  to  9,  then  if  the  two 
ends  of  the  strap  were  led  off  from  the  pendulum  lever  at  the 
same  angle  it  was  evident  that  the  tension  on  the  end  which 
was  attached  to  the  outer  end  C  of  the  lever  would  be  only 
nine  tenths  of  that  on  the  other  end  attached  to  the  intermediate 
point  B  of  the  lever,  and  thus  there  would  be  a  difference  of 
10  lbs.  acting  in  favour  of  the  load  on  the  brake.  The  way 
in  which  that  could  be  got  over  was  by  causing  the  two  ends 
of  the  brake  strap  BD  and  CE  to  leave  the  pendulum  lever  at 
different  angles ;  so  that  with  an  equal  tensile  strain  upon  the 
two  ends  of  the  strap,  the  equivalent  strains  acting  along  BD 
and  CF  at  right  angles  to  the  lever  at  the  two  points  of  attachment 
of  the  strap  to  the  latter  should  nevertheless  be  inversely 
proportional  to  the  lengths  of  the  arms.  In  the  large  brake 
described  in  the  paper,  which  was  now  at  the  South  Kensington 
Exhibition  of  scientific  apparatus,  the  end  of  tlie  pendulum  lever 
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was  bent  out  of  the  straight  line,  and  from  a  rough  measurement  of 
the  angle  he  found  it  was  so  adjusted  that  the  tangential  strains  at 
the  ends  of  the  two  arms  were  about  in  the  required  proportion  to 
produce  an  equal  tensile  strain  upon  each  half  of  the  brake  strap. 
He  should  be  glad  to  know  whether  that  was  done  intentionally,  and 
whether  an  adjustment  of  that  kind  had  been  found  necessary  from 
the  results  of  working.  In  all  the  older  brakes  he  thought  the 
pendulum  levers  were  straight,  and  there  was  no  attempt  at  any 
adjustment  of  that  kind. 

There  was  another  point  that  he  noticed  in  the  drawing  shown 
of  the  friction  brake  dynamometer ;  the  rims  of  the  brake  wheels 
were  made  convex  transversely  like  an  ordinary  belt  pulley.  He  had 
-found  in  running  some  brakes  under  various  circnmstances  that 
they  acted  better  if  the  rims  were  flat ;  the  lubrication  was  then  more 
equal  over  the  whole  surface.  If  the  brakes  ran  very  fast  with  a 
slightly  convex  rim,  the  oil  was  apt  to  get  more  in  the  centre  of  the 
rim,  leaving  the  edges  imperfectly  lubricated ;  he  had  had  difficulties 
with  very  wide  brakes  from  that  cause. 

He  should  be  glad  to  know  also  what  was  the  maximum  power 
that  had  ever  been  absorbed  by  the  brake  shown  in  Fig.  17,  which 
was  stated  to  have  been  proportioned  for  100  H.  P.  at  100  rev.  per 
min.  The  three  brake  wheels  being  each  5  ft.  diameter  and  7  in. 
wide,  he  found  that  the  number  of  inches  in  their  aggregate  width 
(21  in.),  multiplied  by  the  velocity  of  the  rim  in  ft.  per  min.,  and 
divided  by  the  100  H.  P,  to  be  taken  off,  gave  as  a  result  the 
constant  number  330  per  H.  P. ;  but  in  a  number  of  experiments 
which  he  had  once  tried  with  a  brake  of  a  rather  smaller  diameter 
than  that,  he  had  found  that  there  was  a  great  difficulty  in  keeping 
the  rim  cool  if  the  constant  number  obtained  in  that  way  came 
lower  than  700  per  H.  P.  taken  off ;  which  was  about  double  the 
number  obtained  with  the  brake  described  in  the  paper.  In  other 
words,  he  should  expect  this  brake  to  absorb  only  about  16  H.  P.  for 
each  of  its  three  wheels  at  the  speed  stated.  Of  couJ.*se  by  a  very 
careful  lubrication  the  brake  covdd  be  kept  cool  with  the  very  low 
constant  of  330  pertaining  to  the  proportions  given  in  the  paper ;  but 
in  running  for  a  long  time  it  was  necessary  to  have  a  higher  constant. 

m2 
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He  thought  the  principal  reason  why  it  was  necessary  to  attend  to 
this  point  was  that  the  tension  of  the  strap  varied  with  each  kind 
of  lubrication.  For  instance,  if  the  lubrication  were  so  perfect  that 
the  tension  on  the  brake  strap  necessary  to  sustain  a  given  load 
became  trebled,  then  the  effect  of  the  inequality  in  the  tangential 
strains  at  the  two  ends  of  the  strap  became  trebled  also.  The 
result  was  therefore  different,  according  as  the  brake  was  lubricated 
badly  or  well ;  the  difference  he  believed  was  generally  found  from 
experience  to  be  very  slight  between  good  and  bad  lubrication, 
amounting  he  thought  to  only  about  3  per  cent,  less  resistance 
opposed  by  a  brake  when  well  than  when  indifferently  lubricated,  the 
actual  load  hanging  on  the  brake  being  the  same  in  both  cases ;  but 
he  thought  the  difference  might  rise  to  as  much  as  about  8  per  cent, 
between  very  good  and  very  bad  lubrication. 

Mr.  E.  A.  CowPER  observed  there  was  truth  in  the  observations 
just  made  about  the  loss  of  power  or  gain  of  power  by  the  fixed  point 
against  which  the  lever  of  the  brake  acted  in  the  dynamometer. 
He  remembered  pointing  it  out  at  the  Oxford  meeting  of  the 
Royal  Agricultural  Society  in  1870,  and  the  conclusion  then 
arrived  at  was  that  there  was  a  certain  very  small  amount  of  error 
from  that  cause,  but  that  it  was  equal  and  uniform  throughout 
all  the  experiments.  The  fixed  point  must  be  placed  to  slack 
the  brake,  therefore  it  helped  the  weight  up,  and  there  was  so  much 
less  real  weight  upon  the  brake  than  was  apparent ;  it  thus  made  a 
slight  error  in  the  total  amount  of  power  in  favour  of  the  coal.  The 
extent  of  this  error  was  extremely  small,  when  it  was  considered 
that  the  light  pressure  of  the  tail  end  of  the  lever  was  only  acting 
against  the  fixed  point  at  a  vciy  small  radius,  as  it  was  placed  near 
the  shaft. 

Mr.  T.  Adams  observed  that  three  kinds  of  springs  had  been 
illustrated  in  the  dynamometers  described  in  the  paper :  there  was 
the  spiral  spring  made  of  a  uniformly  parallel  coiled  bar ;  there  was 
the  spring  link  with  curved  sides,  subjected  to  a  longitudinal  pull ; 
and   there    was  the  flat  plate    spring    made    up    of    two    parallel 
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straight  bars  tapering  in  thickness  and  subjected  to  a  transverse  pull. 
He  should  be  glad  to  know  what  was  the  behaviour  of  each  of 
these  springs  under  successive  increments  and  decrements  of  load, 
in  relation  to  the  space  passed  through  by  any  fixed  point  in  each 
of  the  springs. 

Mr.  Rich  said  that  the  simple  mode  of  constructing  a  friction 
brake,  which  had  been  described  by  Mr.  Bramwell,  was  new  to  him ; 
he  had  known  several  instances  in  his  experience  in  which  he  could 
have  applied  such  an  ai-rangement  with  advantage  in  the  absence 
of  a  regular  friction  brake  for  testing  turbines  and  other  prime 
movers. 

With  regard  to  the  integrating  cone  described  by  Mr.  Cowper, 
Gen.  Morin  mentioned  it  as  applied  to  dynamometers  as  though 
it  was  not  a  very  new  thing  in  1841,  and  he  spoke  of  it  as  Ernst's. 

With  regard  to  the  question  whether  the  old  friction  brakes 
had  the  peculiar  angle  at  the  bottom  of  the  pendulum  levers,  which 
Mr.  Maw  had  shown  was  desirable  there,  it  was  a  fact  that  the 
100  H.  P.  friction  brake  described  in  the  paper  had  that  angle,  and 
the  differential  levers  in  the  older  20  H.  P.  brakes  which  had  been 
made  from  18-18  under  Mi'.  Appold's  care  were  exactly  similar.  It 
might  have  been  accidental  that  the  angle  had  been  preserved,  but 
he  had  never  noticed  the  point  before ;  he  thought  it  most  likely  that 
Iklr.  Appold  had  arrived  at  that  particular  angle  for  the  pendulum 
levers. 

As  regarded  the  power  which  that  brake  was  capable  of  absorbing 
in  friction  without  heating  the  pulleys  to  an  undue  extent,  it  was 
intended  for  a  maximum  of  100  H.  P.,  but  he  should  put  the  speed 
for  that  power  at  150  instead  of  100  revolutions  per  min.  It  had 
never  been  necessary  as  yet  to  woi'k  it  at  more  than  40  H.  P.  at 
loO  revolutions  with  straps  on  two  pulleys ;  the  smaUer  brakes  with 
only  one  pulley  had  been  run  up  occasionally  to  20  or  25  H.  P.  at 
120  revolutions  without  any  great  difficulty. 

With  reference  to  the  question  as  to  the  shape  of  the  springs, 
and  the  relative  advantages  of  using  the  different  kinds,  he  supposed 
the  highest  authority  on  the  subject  of  springs  was  Mr.  Froude,  by 
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whom  the  strength  and  range  of  a  spring  were  referred  altogether    '^ 
to  the  weight  of  metal  and  to  its  being  properly  applied.     With  all 
these  dynamometers  the  great  thing  was  to  get  plenty  of  range, 
and  to  get  accuracy  of  movement  in  proportion  to  the  load.     The 
objection  to  the  spiral  spring  used  in  the  plough  dynamometer  was 
that  it  bore  on  the  edge  instead  of  bearing  in  the  middle,  and  it 
was  necessary  to  press  upon  it  in  order  to  hold  it  in  its  position ; 
and  another  objection  was  that  it  gave  frequently  only  a  very  small  m 
I'ange.     The  advantage  of  the  long  flat  spring  used  in  the  horse 
dynamometer  was  that  if  greater  range  were  wanted  it  was  only 
necessary  to  lengthen  the  spring,  and  to  increase  its  width  and 
thickness  proportionally.     It  would  not  do  to  have  ordinary  flat  plate 
springs,  composed  of  three  or  four  plates  one  behind  the  other  as  in 
carriage  springs,  because  there  would  be  a  certain  amount  of  friction 
between  the  plates  which  would  injure  the  true  relation  of  the  pull 
and  the  range  of  spring ;  so  that  it  was  necessary  to  have  only  two 
plates  in  the  spring,  and  to  have  them  acciu'ately  connected  at  the 
ends  in  the  manner  shown,  so  as  to  move  freely.     He  believed  this 
was  about  the  best  construction  of  spring  used  for  the  purpose  of 
dynamometers ;  it  was  very  similar  to  what  had  been  used  by  Morin 
in  1840.     With  regard  to  the  curved  springs  in  the  20  H.  P.  rotary 
dynamometer,   he  could  not   say   that  he   had  tested   them   witb 
extreme  accuracy ;  but  he  thought  it  scarcely  likely  that  they  would 
give  angular  deflections  varying  exactly  uniformly  with  the  loads 
transmitted  to  any  great  range.     Considering  their  shape  it  would 
seem  almost  unnatural  that  they  should  do  so ;  but  in  actual  tests  of 
the   instrument  with  varpng  loads  up  to  the  maximum  working 
limits  the  determinations  of  the  co-efficient  from  the  several  results 
generally  agreed  fairly  with  one  another.    He  must  own  he  preferred 
the  straight  radial  springs  in  the  50  H.  P.  dynamometer  named  in 
the  paper.     It  was  worthy  of  remark  that,  to  get  plenty  of  range 
with   dynamometer   springs,  they   should  be  of  uniform  strength 
everywhere  and  not  too  strong.     If  stops  were  provided  to  limit 
their  deflections,  the  coi'respondiug  maximum  working  loads  might 
be  us  much  as  50  to  75  per  cent,  of  the  loads   which  would  produce 
permanent  set. 


July.  DYNAMOMETERS.  241 

The  President  said  that  in  his  own  personal  experience  he  had 
had  great  reason  to  doubt  the  accuracy  of  the  present  theory  with 
respect  to  friction  brakes.  He  had  noticed  that  friction  brakes 
always  gave  a  result  in  favour  of  the  machine,  very  much  higher 
than  any  other  description  of  brake.  I^ow  he  thought  there  was 
no  warrant  for  assuming  that  all  other  sorts  of  brake  were  inferior 
to  the  friction  brake ;  and  therefore  it  might  be  suspected  that  the 
friction  brake  admitted  some  particular  form  of  error,  the  nature  of 
which  had  not  perhaps  been  sufldciently  discussed,  or  the  amount  of 
which  at  all  events  had  not  been  recognised.  He  would  illustrate 
his  meaning  by  supposing  that  a  sliding  body  on  the  table  had  a 
horizontal  cord  attached  to  it,  passing  over  a  pulley  at  the  end  of 
the  table,  with  a  weight  suspended  at  the  end  of  the  cord ;  and  let 
the  sliding  body  be  set  in  uniform  motion  by  means  of  that  weight. 
Now  if  he  just  tapped  the  underside  of  the  table  with  a  quick 
succession  of  I'aps,  the  sliding  body  would  travel  much  faster,  and 
the  weight  at  the  end  of  the  cord  would  descend  much  faster, 
though  all  other  things  were  the  same  in  the  one  case  as  in  the 
other.  But  this  was  exactly  what  occurred  in  the  case  of  the 
agricultural  engines  which  returned  such  a  high  amount  of  duty ; 
the  brake  wheel  from  which  the  friction  was  ascertained  was  always 
in  a  dithering  state,  a  vibration  being  set  up  in  working  exactly  like 
that  which  he  had  produced  by  tapping  the  underside  of  the  table. 
Hence  it  was  that  a  result  was  obtained  from  the  brake,  whatever 
might  be  the  cause  of  it,  which  wanted  reducing — and  he  thought 
it  could  be  reduced — to  scientific  expression.  Results  were  got  from 
the  friction  brake,  however  applied  and  to  whatever  it  might  be 
applied,  of  a  much  higher  kind  than  were  got  from  any  other 
description  of  brake  whatever.  He  thought  the  only  way  of  putting 
it  to  the  test  would  be  by  taking  a  deep  coal  pit,  such  as  the 
Monkwearmouth  coal  pit,  and  setting  a  friction  brake  at  work 
over  it  with  a  descending  weight;  it  would  be  known  how  far 
the  weight  had  descended  and  in  what  time,  and  from  that 
the  exact  horse  power  exerted  could  be  ascei'tained.  It  would 
then  be  seen  what  result  was  obtained  by  admeasurement  from  the 
brake  itself ;  and  he  ventoi-ed  to  say  a  much  higher  power  would  be 
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returned  by  the  brake  than  was  actually  exerted  by  the  descending 
weight.  That  was  his  own  experience,  and  perhaps  some  of  the 
members  might  have  an  opportunity  for  trying  experiments  of  that 
kind,  and  this  would  be  well  woi-th  doing. 

Mr.  F.  J.  Bramwell  said  that  since  his  attention  had  been  called 
to  this  matter  by  the  President  some  years  ago,  his  confidence  in 
the  absolute  certainty  of  these  friction  brakes  had  been  very  much 
shaken.  The  Royal  Agricultural  Society,  under  the  advice  of  their 
engineers  and  judges,  had  endeavoui'ed  of  late  years  to  see  whether 
these  brakes  were  to  be  relied  upon  ;  and  they  had  endeavoured  to 
do  so  by  taking  the  indicator  diagrams  from  the  engines  and 
carefully  comparing  them  with  the  brake  results.  Now  there  was 
no  doubt  that  generally  speaking  the  difference  between  the  brake 
horse  power  and  the  indicated  horse  power  had  been  found  to  be  no 
greater  than  might  have  been  expected  from  the  friction  of  the 
engine  itself.  The  average  result  arrived  at,  as  far  as  he  remembered, 
was  that  the  difference  between  the  gross  indicated  horse  power  and 
the  brake  horse  power  amounted  to  between  16  and  17  per  cent. : 
but  most  certainly  there  were  some  cases  where  there  were  very 
anomalous  results,  some  cases  so  anomalous  that  the  judges  did  not 
know  what  to  say  about  them  or  how  to  deal  with  them.  He  was 
inclined  to  think  that  the  President's  suspicions  of  the  friction  brake 
were  well  founded,  and  he  thought  that  it  would  be  most  desirable 
that  these  expeiiments  should  be  made,  but  he  did  not  think  that 
the  error  in  practice  was  so  great  as  the  President  believed  it  to  be, 
because  the  indicator  results  of  the  engines  justified  in  most  cases 
the  high  results  obtained  by  the  brake. 

Mr.  E.  A.  CowPER  remarked  that,  in  the  illustration  suggested 
by  the  President,  supposing  that  the  sliding  body  on  the  table  was 
standing  stiU,  and  that  the  weight  was  added  gradually  at  the  end 
of  the  cord  till  the  sliding  body  moved,  then  as  soon  as  it  moved  it 
would  proceed  to  run  quicker ;  and  then  more  load  would  have  to 
be  put  on  it  to  check  the  speed ;  and  that  was  what  was  done  with  the 
friction  brakes.      It  was  not  the   stand-still   friction,   it   was   the 
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running  friction  which  was  in  action  in  the  working  of  the  brakes. 
If  one  of  those  brakes  were  loaded  to  the  extent  of  the  stand-stUl 
friction,  and  the  wheel  were  turned  gently,  it  would  lift  up  the 
weight ;  but  when  running  it  would  not  lift  up  so  heavy  a  weight. 
The  weight  must  be  put  on  while  the  brake  was  running,  and  then 
it  would  be  always  held  up ;  it  was  therefore  not  the  power  required 
to  move  the  weight  when  standing  still  that  was  recorded  by  the 
brake,  but  the  power  required  when  it  was  moving. 

The  President  said  he  had  proposed,  in  the  illustration  he  had 
offered,  that  the  weight,  the  friction  of  which  was  to  be  tested, 
should  have  attained  the  state  of  uniform  motion,  before  bringing 
into  play  the  effect  of  vibration. 

Mr,  A.  Paget  observed  it  had  been  suggested  that  it  would  be 
very  desirable  that  some  of  the  members  as  individuals  should 
conduct  experiments  to  settle  this  point  about  the  friction  brake, 
and  it  was  very  evident  that  all  were  agreed  the  point  should  be 
settled ;  but  he  thought  that  it  ought  not  to  be  left  to  the  chance 
of  some  mechanical  engineers  as  individuals  settling  the  point,  but 
that  the  Institution  of  Mechanical  Engineers  as  a  body  should 
undertake  to  settle  the  point  as  part  of  their  work  as  an  institution. 
He  thought  it  was  a  disgrace  to  them  that  the  Royal  Agricultural 
Society  had  done  so  much  in  this  matter,  which  was  one  of  vital 
consequence  to  mechanical  engineers,  while  the  Institution  of 
Mechanical  Engineers  had  done  so  little. 

The  President  moved  a  vote  of  thanks  to  Mr.  Rich  for  his 
paper,  which  was  passed. 


The  following  paper  was  then  read  : — 
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ON  MECHANICAL  PUDDLING. 


By  Mr.  T.  RUSSELL  CKAMPTON.  of  London. 


In  introducing  tliis  paper  to  the  meetinsr,  the  author  trusts  bis 
observations  may  lead  to  instructive  discussion,  botb  with  regard  to 
solving  the  problem  of  Mechanical  Puddling,  and  to  the  effect  which 
the  substitution  of  machineiy  for  hand  labour  may  have  on  the 
future  of  the  iron  trade;  and  he  feels  that  it  is  a  subject  eminently 
fitted  for  the  consideration  of  the  members  of  this  Institution,  since 
success  depends  to  so  great  an  extent  on  the  application  of  the 
proper  mechanical  appliances. 

Puddling,  as  the  members  are  aware,  is  the  process  of  eliminating 
certain  impurities  from  cast  iron,  whereby  its  character  is  sought 
to  be  changed  from  a  hard,  unj-ielding,  brittle  material,  to  one 
of  a  comparatively  soft  and  ductile  natvu'e.  The  operation  requires 
considerable  intelligence  and  excessive  labour,  and  it  is  the 
successful  combination  of  these  two  elements  which  constitutes 
the  great  difficulty,  as  evidenced  by  the  high  wages  that  good 
puddlers  can  command.  The  difference  in  individuals  of  this 
class  is  very  marked,  it  being  far  from  uncommon  for  a  bad 
puddler  to  cause  a  loss  in  weight  of  say  10  per  cent,  of  material, 
leaving  a  large  amount  of  phosphorus  in  the  iron,  which  in 
consequence  is  inferior  in  quality ;  whilst  a  good  puddler  will,  with 
the  same  pig,  lose  only  5  per  cent,  or  less  in  weight,  and  succeed  in 
reducing  the  phosphorus  to  a  greater  extent,  producing  better 
iron.  This  is  readily  accounted  for:  the  former  neglects  his  firing 
and  omits  to  attend  to  his  firebars,  thus  creating  an  intermittent 
action,  more  particularly  as  regards  the  supply  of  oxygen  by  which 
the  iron  becomes  oxidised  or  cut  to  waste.  He  also  neglects  to 
rabble  or  puddle  regularly,  so  as  to  l)ring  every  particle  of  the  iron 
into  immediate  contact  with  the  fettling.     The  good  puddler  on  the 
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other  hand,  by  his  skill  and  attention,  not  only  produces  good  iron 
from  ordinary  pig,  but  in  some  cases  from  bad  pig  also.  Experience 
has  shown  that  the  latter  class  are  few  and  diminishing  in  number 
daily. 

Although  the  requirements  for  good  puddling  are  apparently  so 
simple,  manual  labour  is  not  to  be  depended  on  for  this  purpose  ; 
consequently  mechanical  puddling  has  been  called  into  requisition. 
Sufficient  has  been  established  by  various  workers  in  this  field  of 
enquiiy  to  enforce  the  conviction  that  puddling  by  a  revolving 
chamber  is  superior  as  compared  with  hand  puddling  or  other 
rabbling,  as  not  only  are  the  yields  increased,  but  the  quality  of  the 
product  is  most  strikingly  improved.  The  most  careful  efforts  have 
been  made  to  obtain  equal  results  by  hand  from  like  material,  but  in 
every  case  the  rotary  puddled  product  was  the  best ;  with  such  facts 
before  them,  it  is  presumed,  the  Mechanical  Engineers  will  overcome 
every  mechanical  difficulty,  if  it  has  not  already  been  accomplished. 

The  several  drawings  shown  in  Plates  40  to  43  are  for  the 
purpose  of  giving  a  general  idea  of  the  various  arrangements 
that  have  been  proposed,  without  entering  minutely  into  their  details. 

Fig.  1. — WaR-ei-  and  Warren's,  dated  1853. — The  barrel  chamber 
is  here  placed  obliquely,  revolving  on  a  horizontal  axis,  and  is 
heated  by  an  ordinary  fire  at  one  end,  the  flame  passing  out  at  the 
other  through  a  fixed  flue. 

Pig.  3. — Matodslaifs,  dated  1858. — The  puddling  or  melting 
fui'nace  is  a  cylinder  caused  to  revolve  on  an  oblique  axis,  the 
flame  being  deflected  into  the  revolving  portion  in  a  line  with 
its  axis,  and  escaping  from  the  same  face  or  end.  This  appears  to 
be  the  first  occasion  on  which  the  heat  has  been  so  directed  in 
revolving  fuimaces. 

Fig.  5. — Tooth's,  dated  1861. — This  comprises  a  drum  revolving 
on  ^  a  horizontal  axis,  with  a  fireplace  at  one  end  and  a  movable 
fiuepiece  at  the  other,  which  is  described  as  capable  of  being 
moved  away  in  any  direction  for  the  purpose  of  enabling  the 
ball  to  be  extracted,  and  through  which  the  gases  escape  to  the 
chimney.      This  appears  to  be  the  first  time  a  movable  fiuepiece 
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had  been  proposed  to  serve  as  a  door  and  flue ;  the  fireplace  was 
also  movable. 

Fig.  6. — Also  Tooth's  (Yates  being  associated  with  him),  dated 
1863. — This  has  the  puddling  furnace  revolving  on  a  vertical  axis, 
the  flame  passing  from  a  fixed  fireplace,  and  deflected,  as  in 
Maudslay's,  into  the  revolving  portion  in  a  line  with  its  axis,  and 
escaping  out  of  the  same  face  or  end  of  the  furnace. 

Fig.  8.— Dunks',  dated  1869.— This  is  similar  lo  Tooth's  of  1861 ; 
it  revolves  on  a  horizontal  axis  having  a  fi:xed  fireplace  at  one  end, 
and  at  the  other  a  movable  fluepiece  serving  as  a  door  and 
flue  for  giving  admission  to  the  fui'nace  and  for  the  exit  of 
the  gases  to  the  chimney. 

Fig.  9.— Sellers',  of  PhHadelphia,  dated  October  3rd,  1871.— This 
puddling  fui'uace  revolves  on  a  horizontal  axis,  the  flame  passing 
from  a  fixed  fii'eplace  into  and  out  of  the  same  face  or  end  of  the 
furnace,  similar  to  that  shown  in  Maudslay's  and  Tooth's  of  1863,  j 
except  that  the  drum  is  horizontal,  Maudslay's  being   oblique  and] 
Tooth's  vei'tical.     ^\Tien  the  puddled  ball  has  to  be  discharged,  the] 
puddling  chamber  itself   is   removed   from   the   fireplace   or   fixed 
portion  of  the  furnace. 

Fig.  10. — Siemens',  dated  November  5th,  1871. — The  furnace 
revolves  on  a  horizontal  axis ;  the  flame  passes  into  it  from  a 
regenerative  gas  apparatus  and  out  at  the  same  face  or  end,  similar 
to  Maudslay's,  Tooth's,  and  Sellers',  a  door  being  arranged  at  the 
opposite  end  for  withdrawing  the  ball. 

Fig.  12. — Crampton's  Bitst-Fuel  Furnace,  dated  1872  and  1873. — , 
A    is    a    revoliring     chamber    which    is    made    to    rotate    on   ai 
horizontal    axis ;     the    speed    can    be    adjusted    to    any    velocity  i 
up  to  say  10  rev.  per  min.  ;  B  B  is  the  refractory  lining ;  and  C  C ' 
the  wheels  on  which  the  furnace  revolves.     D  is  the  movable  flue- 
piece   lined    with   suitable   refractory   material,   capable   of    being 
removed  when  access  to  the  furnace  is  required;  in  the  case  shown 
in  the  drawing  the  fluepiece  rests  upon  three  wheels  E,  which  run  on 
ii'on  I'ails  and  have  screws  F  on  the  axles  of  the  wheels  for  keeping , 
the  fluepiece  against  the  furnace.     G  is  an  opening  in  the  movable 
fluepiece,  through  which  the  air  and  fuel  are  injected.      H  is  the  pipe  i 
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through  whicli  regtilated.  streams  of  air  flow,  and  which  conveys  the 
fiiel  from  the  coal  reservoir  to  the  fui'nace  through  the  nozzle  I. 
A  plan  of  this  is  shown  enlarged  in  Fig.  15,  Plate  44;  and  at  K 
are  several  partitions  in  the  bend  of  the  injection  pipe  for  the 
purpose  of  preventing  the  fuel  and  air  separating  on  passing  the 
bend.  L  is  a  double-way  cock  for  the  admission  and  exit  of  the  water 
to  the  double  casing  of  the  furnace ;  the  flow  of  water  is  shown  by 
aiTOws.  The  water  enters  at  L,  passes  into  the  pipe  M,  and  is 
delivered  at  the  end  N"  into  the  casing,  circulating  through  the 
whole  casing  and  making  its  exit  at  the  end  of  the  pipe  0, 
passing  thence  to  the  cock  L,  and  leaving  it  by  the  pipe  P.  The 
water  is  then  conducted  by  the  pipe  P  to  the  fluepiece,  entering 
■thi'ough  a  flexible  pipe  at  the  lowest  point  and  leaving  at  the 
highest  point  at  R.  S  S  are  the  wearing  joiuts  of  the  fui*nace 
and  fluepiece  directly  in  contact  with  the  water  casing.  T  is  the 
opening  in  the  fluepiece  for  the  exit  of  the  products  of  combustion 
into  the  chimney,  where  they  may  be  iitilised  in  producing  steam 
or  heating  the  air,  or  both. 

The  coal,  which  is  ground  and  sifted  previously,  is  brought 
into  a  tank  U,  shown  in  Fig.  14,  by  a  screw  or  creeper. 
In  order  that  the  powdered  coal  may  not  clog,  stirrers  V  are 
used,  which  serve  also  to  bruig  the  coal  from  the  tank  to  the  feed 
rollers  W  W.  The  opening  from  the  tank  can  be  made  larger  or  smaller 
as  required  by  a  sliding  door  X.  The  distance  between  the  rollers 
can  be  adjusted  and  the  feed  regulated  with  the  greatest  accuracy 
by  a  lever  and  screw  Y ;  two  scrapers  clear  the  rollers.  The  coal 
falls  through  a  shoot  Z  to  the  air  pipe  H,  into  which  it  is  iuduced 
by  the  current  of  air  traversing  it  from  a  blast  reservoir. 

It  will  be  seen  that  the  horizontal  drum  system  of  fnrnace  in  all 
the  above  cases,  provided  with  separate  fireplace,  operates  on 
the  metal  in  a  similar  manner. 

Fig.  11. — Mechanical  Baihle. — The  mechanical  rabble  process 
was  suggested  at  an  early  date  :  it  consists  essentially  in 
substituting  machinery  for  working  the  ordinary  rabble  instead 
of  manual  labour,  thereby  reducing  the  hard  work.  The  drawing 
shows  the  rabble  operated  upon  by  one  of  several  different  mechanical 
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means.  This  system,  however  perfect  it  may  be,  leaves  the  hand 
work  of  balling  up  untouched,  and  therefore  can  hardly  be  expected 
to  be  as  useful  as  the  revolving  di'um  system,  which  displaces 
all   severe  manual  labour. 

The  principle  of  the  revolving  puddling  system,  as  first  introduced 
by  Walker  and  Warren  in  1853,  has  been  very  generally  followed  by 
others  in  their  endeavours  to  work  out  the  problem. 

Tooth's    descriptions    and    specification    can    scarcely  be  read 
without  arriving  at  the  conclusion  that  he  at  a  very  early  period  had 
made  himself  acquainted  with  the  difl&culties  of  the  subject ;   he 
however  from  various  causes  failed  to  reduce  his  views  to  practice. 
He  fully  understood  the  importance  of  the  fettling  question,  keeping 
the  furnace  free  from  extremes  of  heat  and  cold.     He  refers  to  the . 
movable  fluepiece,  a  very  simple  device,  as  a  means  of  obtaining  ^ 
access  to   the   working   chamber.      Maudslay  and  Tooth  were,  ifcj 
appears,  the  first  to  suggest  the  introduction  of  the  flame  from  thej 
fire  or  gas-producing  chamber  into  and  out  of  the  same  end  of  the 
revolving  puddling  chamber.     Tooth  had  evidently  expended  much] 
time  and  thought  on  this  important  question,  but  in  adopting  the 
revolving  barrel  of  Walker  and  Warren  he  does  not  appear  to  havej 
attached  very   great  importance    to    the    necessity    of    pro\'idingj 
mechanical  means  for  producing  with  certainty  the  requisite  volume] 
and  quality  of  heat,  upon  which  so  much  depends ;  he,  like  many  of  j 
his    successors,    directed    his    attention    more    especially    to    the 
economising  of  labour.      Mr.    Menelaus   contributed    much   to    the' 
success  of  mechanical  puddling;  his  extensive  experiments,  although, 
not  successful,  taught  what  not  to  do,  which  is  the  next  best  to] 
telling  what  to  do. 

-  Without  entering  into  the  details  of  the  nvmierous  plans  proposed 
previous  to  the  author's  single-chamber  dust-fuel  system,  it  will  be  \ 
sufiicient  to  remark  that  they  may  all  be  classed  under  two  kinds  :■! 
the  one,  in  which  the  puddling  is  effected  by  the  revolving  of 
cylinders  placed  at  various  angles,  containing  the  melted  iron  to  be , 
operated  on ;  the  other,  providing  mechanical  means  for  working] 
the  rabble  in  the  ordinary  puddling  chamber. 
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The  application  of  machinery  to  the  ordinaiy  rabble  is  doubtless 
a  step  in  the  right  dii'ection,  but  the  labour  saved  is  comparatively 
small,  since  it  only  relieves  the  rabbler  from  a  portion  of  his  work, 
whilst  the  forehand  has  still  to  perform  the  arduous  operation  of 
balling  up.  The  weight  of  the  charge  may  be  increased,  but  it  must 
always  be  limited  by  the  power  of  the  forehand  to  ball  it  up.  The 
heavier  the  charge,  the  greater  the  laboui^,  the  production  of  gases 
and  heat,  and  attention  generally  to  the  process  being  in  no  way 
lessened ;  it  follows  therefore  that  a  portion  of  the  labour  only  can 
be  saved  by  the  mechanical  rabble,  and  any  improvements  in  other 
respects  in  working  or  heating  the  furnace  are  equally  applicable  to 
the  ordinary  furnace. 

The  revolving  system,  on  the  other  hand,  see  Figs.  1,  5,  8,  and  9, 
when  heated  by  gases  produced  in  a  separate  chamber,  enables 
immense  masses  to  be  heated  with  facility,  reducing  the  labour  to  a 
minimum ;  but  equal  intelligence  is  necessary  in  attending  to  the 
regular  production,  utilisation,  and  combustion  of  the  gases,  and  in 
preventing  the  coal  passing  from  the  fire  chamber  into  the  iron  in 
the  puddling  chamber.  Some  attach  even  more  importance  to  these 
points  than  to  efficient  or  perfect  rabbling. 

It  may  be  observed  that,  when  gas  is  produced  (see  Fig.  10) 
and  conveyed  from  a  distance,  the  coal  does  not  enter  the  puddling 
chamber,  which  is  an  advantage  ;  but  in  this  case  also  considerable 
intelligence  is  necessary  in  producing  and  regulating  the  stipply  of 
the  gases  and  air. 

Attention  may  be  directed  to  Sellers'  furnace  (Fig.  9),  The 
flame  enters  and  leaves  at  the  same  face  or  end,  in  the  direction 
of  the  axig  of  the  furnace,  the  same  in  principle  as  that  of  Maudslay's 
and  Tooth's,  shown  in  Figs.  3  and  6.  Sellers  describes  many  ingenious 
devices  for  removing  the  revolving  fui'nace  from  the  fireplace  when 
access  to  it  is  required ;  but  the  simple  plan  of  Tooth  (Fig.  5)  for 
shifting  the  fluepiece  would  appear  to  be  better  adapted  to  the  rough 
usage  to  which  it  would  be  subjected  in  iron  works. 

If  the  views  here  expressed  be  correct,  it  follows  that  the 
revolving  system  referred  to,  with  separate  heat-producing  chambers, 
can  puddle  large  masses  efficiently  without  severe  manual  labour, 
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but  still  requires  as  mueli  intelligence  in  attending  to  tlie  quality 
of  the  flame  as  in  the  old  system. 

In  the  author's  furnace,  where  the  firing  is  done  mechanically, 
little  skUl  and  no  exhaustive  labour  are  required.  The  fuel,  in 
a  state  of  powder,  is  automatically  mixed  in  proper  proportions 
with  air,  and  injected  into  the  furnace,  where  it  is  consumed 
immediately  in  contact  with  the  work  under  treatment,  no 
coal  falling  into  the  iron.  This  cannot  fail  to  be  an  economical 
mode  of  proceeding ;  the  heat  is  not  only  more  intense  than  when 
produced  and  conveyed  from  a  separate  chamber,  but  the  fuel  used 
in  heating  the  ordinary  fireplace  is  entirely  saved.  The  fuel 
consumed  in  heating  iron  does  not  depend  so  much  on  the  weight 
of  the  iron  under  treatment  as  on  the  cubic  capacity  of  the  chambers 
heated,  the  loss  of  heat  by  radiation  being  very  considerable  in 
all  those  parts  of  furnaces  where  the  gases  are  generated  outside 
the  woi-king  chamber.  From  the  drawing  it  will  be  seen  that 
the  whole  of  the  usual  brickwork  is  dispensed  with;  consequently 
there  is  no  loss  in  this  respect. 

The  value  of  perfect  regularity  in  the  flame  will  be  appreciated, 
as  in  practical  working  little  if  any  loss  by  oxidation  is  sustained  in 
the  weight  of  the  ball  as  compared  with  the  pig  charged.  If  a  ball, 
after  being  ready  to  be  discharged,  is  allowed  to  remain  for  two 
hours  in  the  furnace  without  reducing  the  heat,  it  is  rarely  that  the 
wrought  iron  produced  is  of  less  weight  than  the  pig  iron  charged. 
The  furnace  has  produced  from  95  to  104  per  cent,  of  finished  2|  inch 
square  bars,  such  as  are  shown  bent  double  cold,  from  100  of  inferior 
pig,  the  bars  being  re-heated,  re-hammered,  wash-heated,  and 
rolled  off.  In  the  case  where  the  fettling  was  weighed,  98  per 
cent,  of  bars,  treated  as  above,  were  produced  from  100  of  pig 
iron,  using  8  cwt.  of  fettling  to  the  ton.  Although  these  results 
were  obtained  in  the  ordinary  working  of  tlie  f  oi'nace,  they  must 
not  be  taken  as  an  average.  It  is  to  this  peculiar  power  of  regulating 
the  dust-fuel  and  air  that  such  good  results  are  mainly  due. 

Assuming  that  efiicient  machinery  has  been  devised,  capable  of 
effecting  the  object,  the  weight  of   the  masses  operated   upon  is 
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of  little  importance,  and  charges  of  10,  15,  or  20  cwt.,  or  more,  can 
easily  be  puddled  in  one  piece,  limited  only  by  the  means  for 
subsequent  manipulation  of  the  ball. 

It  must  be  eyident  that  in  the  ordinary  coui'se  of  manufacture 
by  the  piling  system,  as  each  layer  contains  a  portion  of  dirt 
or  cinder,  this  becomes  wrapped  up  in  the  welded  mass ;  in 
practical  working  this  cannot  be  avoided,  but  is  entirely  obviated 
when  large  puddle  balls  are  properly  treated.  Many  think  piling 
the  better  process,  for  the  reason  that  the  skill  of  the  puddler 
can  be  brought  to  bear  on  small  portions  of  the  mass,  and  on 
the  principle  that  a  combination  of  a  number  of  good  parts 
must  necessarily  make  a  good  whole ;  but  it  is  the  author's  object  to 
show  that  the  material  obtained  from  large  homogeneous  masses  is 
superior  in  eveiy  respect. 

Again,  the  quality  is  further  improved  by  the  more  effective 
puddling  of  the  revolving  barrel,  and  the  consequent  better 
abstraction  of  phosphorus  and  other  impurities ;  so  much  so,  that 
iron  equal  to  the  best  Torkshire  brands  has  been  made  from 
common  Cleveland  pig.  The  specimens  shown  are  the  results  of 
practical  working,  not  samples  made  for  a  purpose.  This  system 
therefore  admits  of  large  articles,  such  as  rails,  plates,  &c.,  being 
manufactured  in  one  solid  piece,  without  incurring  the  risk  of 
flaws  arising  from  the  faulty  welding  of  the  piles. 

If  the  mechanical  arrangement  of  the  furnace  involve  great 
wear  and  tear,  and  constant  supervision  and  anxiety  on  the  part  of 
the  managers,  foremen,  and  men  immediately  connected  with  it, 
mechanical  puddling  will  have  to  be  abandoned,  at  least  for  general 
purposes,  however  good  the  ii'on  produced  may  be. 

On  reference  to  the  drawings  and  above  description,  three 
notable  points  of  difference  between  the  author's  and  the  other  forms 
of  revolving  furnaces  vsill  be  observed. 

First. — There  is  no  separate  fireplace  or  gas  generator  built  of 
brick,  and  no  firebars,  these  being  entii'ely  abolished;  there  is  but 
one  single  revolving  chamber  lined  with  oxide  of  ii'on,  forming 
the  gas  producing,  gas  consuming,  and  utilising  chamber. 
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Seco)id. — The  means  adopted  for  the  supply  of  fuel  is  entirely 
mechanical. 

TJiird. — The  whole  furnace  is  encased  in  water. 

With  respect  to  the  mode  of  producing  the  heat,  the  author 
considers  that  fuel  in  a  state  of  powder  or  minute  subdivision  affords 
the  best  opportunity  for  its  economical  consumption,  for  in  that 
condition  a  machine  can  be  constructed  to  feed  it  regularly  into  a 
constant  stream  of  air  from  a  fan  or  other  blower,  complete 
combustion  being  effected  without  excess  of  air,  the  only  necessary 
condition  being  that  the  engine  producing  the  blast  and  driving  the 
feeder  should  be  kept  at  one  uniform  speed.  With  the  machine 
shown  in  the  drawing  (which  has  been  in  use  throughout  the  whole 
series  of  the  author's  experiments,  extending  over  six  years)  this  can 
be  easUy  accomplished,  the  power  of  varying  the  quantities  of  air 
and  fuel  being  entirely  under  the  control  of  the  workman.  The 
author  believes  that  neither  the  ordinary  firegrate  nor  gas  furnaces 
can  practically  produce  combustion  so  efficiently  as  dust  coal,  as 
the  degree  of  temperatui'e  or  character  of  flame  is  under  immediate 
conti'ol,  the  system  allo^ving  that  the  flame  may  be  lengthened  or 
shortened  to  suit  the  various  capacities  of  furnaces,  and  to  maintain 
an  equilibrium  of  temperature  and  pressure  in  all  parts  of  the 
fmTiace,  a  result  not  so  conveniently  attained  by  any  other  system. 

After  providing  for  the  regular  supply  of  air  and  fuel,  the  next 
point  was  to  consider  how  a  revolving  fui'nace  whilst  white  hot  in 
the  interior,  and  containing  molten  metal,  could  be  constructed  so 
as  to  px'event  the  contents  leaking  through  a  moving  joint  3  or  4  ft. 
diameter,  a  portion  of  which  would  be  often  2  ft.  below  the  surface 
of  the  liquid  metal.  To  accomplish  this,  the  bad  effects  of  expansion 
and  contraction  had  practically  to  be  neutralised.  The  whole 
apparatus  was  therefore  covered  with  an  annidar  space,  through 
which  cold  water  is  forced  to  circulate  by  means  of  a  revolving  cock. 
The  means  adopted  has  proved  so  effectual,  that  after  2^  years' 
working  the  wrought-iron  casing  of  the  furnace  is  in  as  good 
condition  as  when  first  erected,  and  still  runs  as  true  as  a  lathe, 
the  joint  rings  remaining  so  perfect  that  the  liquid  metal  is 
completely  restrained  from  leaking  between  them. 


JOLY.  MECHANICAL   PUDDLING.  253 

With  the  mouth  or  lip  of  the  furnace,  so  difficult  in  other  systems 
to  keep  repaired  with  fettling,  and  on  which  so  much  depends,  no 
difficulty  is  experienced,  it  being  self-fettling  in  its  operation,  and 
the  workman  has  no  need  specially  to  fettle  this  part.  If  a  portion 
of  the  fettling  be  accidentaEy  knocked  off,  and  the  plates  exposed  to 
the  interior  heat  in  the  furnace,  the  circulating  water  acts  as  a 
protection,  and  causes  the  melted  cinder  to  chill  and  accumulate  to 
its  normal  thickness.  On  many  occasions,  in  the  presence  of  friends, 
the  last  being  the  visit  to  the  furnace  at  Woolwich  by  the  members 
of  the  Institute  of  Staffordshire  Iron- works  Managers,  the  author 
purposely  detached  large  portions  of  fettling,  thus  exposing  the 
sui'face  of  the  interior  ii'on  casing  to  the  direct  action  of  the  heat ; 
and  in  a  very  few  revolutions  the  liquid  cinder  solidified  on  the 
bare   places,   thus  re-fettling  the  furnace  automatically. 

By  these  arrangements  hard  manual  laboui'  is  entii'ely  dispensed 
with,  repairs  are  reduced  to  a  minimum,  fuel  is  saved,  no  smoke  is 
produced,  no  coal  can  enter  the  iron,  and  but  little  intelligence 
is  required;  and  as  the  furnace  is  covered  with  water  the  men 
are  not  subjected  to  any  oppressive  heat,  in  fact  in  summer  the 
coolest  place  in  the  works  is  near  the  furnace. 

Some  attention  must  of  course  be  paid  to  the  process,  more 
pai^ticularly  in  preventing  the  formation  of  young  iron,  and  the 
balling  up  too  hurriedly.  From  the  extreme  simplicity  of  the 
operation  this  may  easily  happen ;  young  iron  has  occasionally  been 
produced  and  not  discovered  until  worked  up.  This  is  mentioned, 
as  it  must  not  be  supposed  that  puddling,  however  perfect 
mechanically,  can  be  made  quite  self-acting. 

When  the  greatest  economy  of  fuel  is  desired,  it  is  advisable  to 
utilise  the  waste  heat  in  its  passage  up  the  chimney,  either  for 
generating  steam  or  heating  the  air  on  its  way  to  the  furnace,  or 
both.  In  a  series  of  experiments  lately  made  by  the  author  in  his 
furnace,  the  effect  of  hot  air  on  the  consumption  of  fuel  was  shown 
in  a  very  marked  manner.  The  temperature  of  the  injected  air 
varied  in  the  various  trials  from  200°  to  500°  ;  at  380°  not  only 
was  the  fuel  reduced  two-fifths,  but  the  furnace  was  hotter,  besides 
which  he  was  able  to  use,  without  inconvenience,  very  infei'ior  coal 
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containing  20  per  cent,  of  asli.  A  fui-nace  witli  a  cubic  capacity 
sufficient  to  puddle  16  cwt.  balls  was  kept  at  a  welding  heat  with 
a  consumption  of  3  cwt.  of  coal  per  hour,  as  compared  with  5  cwt. 
when  the  air  was  injected  at  the  temperature  of  60°.  The 
author  has  not  yet  used  hot  air  when  actually  puddling  iron  put  into 
the  furnace  in  a  liquid  state  ;  but  as  the  time  during  which  coal  is 
beiuo-  blown  into  the  fui'nace  is  known  in  other  cases  to  be  about  40 
minutes  for  each  charge,  he  does  not  think  himself  over  sanguine  in 
believing  that  with  10  to  1-5  cwt.  charges  he  will  be  able  to  reduce 
the  coal  as  low  as  4  cwt.  per  ton  of  puddled  blooms;  with  15  to  20 
cwt.,  as  low  as  3  cwt.  per  ton.  This  is  not  so  surprising  as  at  first 
sight  it  may  appear,  since  the  gas  is  generated  and  consumed  in 
immediate  contact  with  the  work  under  treatment,  than  which 
there  cannot  be  more  favourable  conditions  for  economising  fuel. 

In  order  to  show  the  effects  of  the  two  systems  of  making  iron, 
there  are  laid  on  the  table  a  series  of  samples,  consisting  of  plates 
and  rails,  some  produced  by  the  best  known  makers  by  the  usual 
process  of  building  up  small  pieces,  and  others  made  from  one 
homogeneous  puddled  ball. 

On  examining  microscopically  those  which  have  been  planed  and 
polished  and  afterwards  treated  with  acid  for  the  purpose  of  showing 
their  internal  structure,  there  can  be  little  doubt  as  to  their  relative 
purity  ;  and  the  practical  tests  of  bending,  stretching,  and  tensile 
strains  to  which  they  have  been  subjected  indicate  superior  quality 
in  the  homogeneous  plates. 

There  are  also  samples  of  steel  plates  treated  in  a  similar  manner, 
the  structure  of  these  and  of  the  homogeneous  plates  being  nearly 
identical,  and  showing  a  clean  face ;  whereas  the  built-up  iron  plates 
show  particles  of  cinder  interspersed,  the  result  of  imperfect  welding, 
which  it  is  difficult  in  practice  to  avoid.  There  are  also  samples  of 
steel  and  ii'on  wii'e  and  thin  plates  made  from  homogeneous  iron 
puddled  from  Cleveland  pig. 

It  may  be  mentioned  that  all  the  .samples  of  iron  puddled  in 
the  revolving  fui*nacc  were  produced  from  8  to  10  cwt.  charges  of 
inferior  cast  iron.   *It  is  an  interesting  fact  that  better  results  are 
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not  obtained  from  tlie  high  quality  pigs ;  at  least  the  product 
from  the  best  Swedish  and  Indian  charcoal  pig,  as  well  as  the  best 
English  brands,  shows  no  better  results. 

The  gi'eat  advance  made  in  the  manufacture  of  steel  renders  it 
necessary  to  consider  whether  many  articles  now  made  of  iron  will 
not  have  to  give  place  to  that  material;  and  this  appears  to  be 
inevitable,  unless  the  old  process  of  making  plates  and  rails  as 
well  as  many  other  articles  be  considerably  improved.  With 
regard  to  plates,  the  samples  exhibited  tend  to  show  that  as  they 
can  be  made  homogeneous  and  of  good  quality  from  inferior 
pig,  requiring  no  more  labour  than  ordinary  plates,  there  is  some 
hope  left ;  and  with  regard  to  rails,  there  are  many  engineers  who 
•believe  that  case-hardened  iron  rails  are  more  reliable  than  steel, 
for  if  the  steel  be  made  sufficiently  soft  to  prevent  breakage  the 
wear  becomes  considerable,  but  if  a  good  soft  homogeneous  rail  be 
made  fi-om  common  pig,  and  case-hardened,  the  maximum  degree  of 
ductnity  and  hardness  can  be  combined. 

The  case-hardening  of  rails  on  Dodds'  plan  has  received  some 
attention.  In  1866  Mr.  Harnson  laid  on  the  N'orth  Eastern  Railway 
10,800  tons  of  these  rails,  about  6000  of  which  are  now  in  use,  and 
are  estimated  to  last  foui'  or  five  years  longer,  giving  a  life  of  nearly 
fifteen  years ;  a  sample  cut  out  last  year,  originally  weighing  82  lbs. 
per  yard,  had  lost  only  2'67  lbs.  per  yard.  The  cost  of  case-hardening 
was  lis.  per  ton,  without  calculation  for  plant.  It  is  believed  some 
difficulty  was  experienced,  caused  by  the  welds  opening  during  the 
process ;  but  as  a  homogeneous  rail  can  now  be  produced,  this 
difficulty  can  be  overcome.  In  spite  of  the  rapid  increase  in  the  use 
of  steel  raQs,  the  author  still  believes  in  a  future  for  iron,  and  that 
case-hardened  rails  of  the  quality  required  can,  by  the  aid  of  the 
mechanical  revolving  puddler,  be  produced  at  as  low  if  not  a  lower 
price  than  the  ordinary  Welsh  or  Cleveland  rails. 

To  give  an  idea  of  the  cost  of  the  rails  and  plates  exhibited,  the 
author  may  mention  that  some  of  them  have  not  been  subjected  to  any 
greater  amount  of  working  than  common  descriptions  of  rails  and 
plates  usually  receive,  the  operations  being  puddling  and  hammering 
into  a  baU,  re-heating,  re-hammering,  wash-heating,  and  rolling  off. 
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More  than  twice  hammering  does  not  appear  to  improve  the  quality 
materially. 

So  much  is  known  on  the  subject  by  members  of  this  Institution 
that  it  is  undesirable  to  extend  this  paper,  the  writer's  object  being 
to  call  their  attention  to  some  of  the  results  obtained  by  puddling 
large  masses,  together  with  the  means  employed. 

The  author,  in  conclusion,  remarks  that  dnriog  the  whole  course 
of  his  iuvestigations  he  has  sought  criticism.  At  present  he  cannot 
suggest  any  substantial  mechanical  improvement  in  the  furnace 
which  has  been  at  work  so  long  at  Woolwich;  he  may  have 
overlooked  some  essential  points,  but  although  on  many  occasions  he 
has  earnestly  invited  his  friends — ii'on  manufacturers,  managers, 
engineers,  foremen,  and  othei-s — when  observing  the  working 
of  the  furnace,  to  suggest  improvements  which  might  render 
it  better  adapted  to  withstand  the  rough  usage  of  iron  works. 
no  improvements  have  been  suggested ;  and  he  conceives  that 
any  serious  departure  from  the  arrangements  now  in  use  at 
Woolwich  would  be  more  likely  to  do  harm  than  good.  This 
absence  of  criticism  may  have  arisen  from  a  sense  of  delicacy ; 
but  the  author  trusts  the  members  now  present  will  have  no  such 
scruples,  as  it  is  only  by  exposLug  the  weak  points  of  any  system 
and  discussing  them  that  perfection  is  attainable. 

The  author  also  desires  to  record  his  conviction,  after  a  long 
series  of  trials,  and  after  testing  many  hundreds  of  samples,  that 
homogeneous  material  is  superior  in  eveiy  respect  to  that  built  up 
of  pieces,  and  deserves  the  most  serious  consideration  on  the  part  of 
iron  manufacturers,  more  especially  since  it  has  come  to  his 
knowledge  that  some  of  the  most  extensive  and  influential  users  of 
iron  have  determined  not  to  employ  material  made  by  piling  when 
they  can  obtain  that  which  is  homogeneous ;  and  fui'ther,  that  if 
mechanical  is  to  supersede  hand  puddling,  and  if  large  masses  are  to 
be  manipulated,  the  revolving  barrel  system  must  be  looked  to 
rather  than  that  involving  the  use  of  a  mechanical  rabble. 
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SPECIMENS  PUDDLED  IN  CRAMPTON  FURNACE. 


No.  1. — Plate  rolled  direct  (without  being  piled)  from  reheated  hammered 
puddled  bloom  made  from  cast-iron  scraps  containing  0'87  per  cent,  of 
phosphorus.  The  plate  contains  only  a  trace  of  phosphorus.  Bent  hot. 
Tested  at  Crewe. 

No.  3. — Plate  rolled  direct  (without  being  piled)  from  8  cwt.  reheated 
hammered  puddled  bloom  cut  in  half,  made  from  cast-iron  scraps  containing 
0*87  per  cent,  of  phosphorus.  Bent  and  drifted  cold  from  |  in.  to  1|-|  in. 
Cut  with  the  grain.      Tested  at  Crewe. 

No.  4. — Plate  rolled  direct  (without  being  piled)  from  8  cwt.  reheated 
hammered  puddled  bloom  cut  in  half,  made  from  cast-iron  scraps  containing 
0'87  per  cent,  of  phosphorus.  Bent  and  drifted  cold  from  |  in.  punched 
hole   to   1^    in.      Cut  across  the  gi'ain. 

No.  7. — Polished  Slab,  rolled  direct  from  reheated  puddled  bloom,  and 
broken  cold.  Puddled  from  Cleveland  pig  containing  1-3  per  cent,  of 
phosphorus,  the  bar  containing  only  a  trace  of  phosphorus.  Tested  at 
Woolwich. 

No.  9. — Bar  rolled  direct  from  reheated  puddled  bloom,  and  broken  cold. 
Puddled  from  Cleveland  pig  containing  1-3  per  cent,  of  phosphorus.  The 
bar  contains  only  ,a   trace. 

No.  10. — Plate  first  rolled  direct  (without  being  piled)  from  reheated 
hammered  puddled  bloom  made  from  Cleveland  pig  containing  1-3  per 
cent,  of  phosphorus.  The  plate  contains  only  a  trace  of  phosphorus. 
Flanged  hot.  The  holes  drifted  hot  fi'om  |  in.  to  2f  in.  and  If  in. 
diameter.    Tested  at  Messrs.  Fox  Head  and  Co.'s,   Middlesbrough. 

No.  11. — Puddled  Bar  rolled  off  direct  from  puddled  ball.  Puddled  from 
Cleveland  pig  containing  1*3  per  cent,  of  phosphorus,  the  bar  containing 
only  a  trace  of  phosphorus.    Tested  at  Woolwich. 

No.  14. — Bar  rolled  direct  fi-om  7  cwt.  reheated  puddled  bloom  made 
from  cast-iron  scraps  containing  0*87  per  cent,  of  phosphorus,  the  bar 
containing  only  a  trace  of  phosphorus.  Broken  with  one  heavy  blow  of 
steam  hammer.    Tested  at  Crewe. 

67.  A. — Sample  Plate  1  in.  thick,  bent  hot  with  the  grain  and  across  the 
grain. 

61.  D. — Angle  Iron  flattened  and  then  bent  over  cold. 

61.  C. — Plate,  with  hole  punched  hot  with  key  punch  out  to  4f  in.  round  ; 
also  the  other  end  flattened,  bent  the  reverse  way,  and  flanged. 
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153.  A. — Plate,  bent  cold  with  the  grain,  three  tinaes  hammered.  Piece  cut 
off  and  etched. 

No.  15. — Steel  made  at  Crewe  from  Crampton  puddled  iron,  which  iron 
was  made  from  cast-iron  scraps  containing  0"87  per  cent,  of  phosphorus. 
This  steel  is  part  of  a  4-ton  charge  made  in   Bath. 

Nos.  16  and  17. — Tool  Steel  made  in  crucibles,  puddled  from  Cleveland  pig 
containing  1*3  per  cent,  of  phosphorus. 

No.  12. — Tin  Plate  made  from  Cleveland  iron  containing  TS  per  cent,  of 
phosphorus. 

No.  13. — Iron  Wire  made  from  Cleveland  pig.  The  small  wire  is  drawn 
to  No.   28   B.  W.  G. 

No.  2. — Wrought-iron  Shavings  melted  in  one  hour. 

Armour-plate  Bolt.  2^  in.  diameter,  broken  by  falling  weights  ;  stretched 
50  per  cent,  before  breaking,  the  area  of  broken  section  being  reduced  to  only 
30  per  cent,  of  the  original  area. 


SPECIMENS  PUDDLED  IN  OKDINARY  FURNACE. 


No.  5. — Plate  of  best  Yorkshire  iron,  bent  and  drifted  cold,  drifted  from 
I  in.  punched  hole  to  Ij^  in.  diameter.  Cut  with  the  grain.  Tested  at 
Crewe. 

No.  6. — Plate  of  best  Yorkshire  iron,  bent  and  drifted  cold,  drifted  from 
f  in.  punched  hole  to  1^*^  in.  diameter.     Cut  across  the  grain. 

P. — Yorkshire  Plate,  etched  surface. 

H. — B.B.  Boiler  Plate,  etched  surface. 

S.  5. — Charcoal  Iron,  drifted  from  f  in.  hole. 

F.  F. — Ordinary  Common  Plates,  etched  surface. 

107.  A. — Lamination  in  boiler  plate,  discovered  by  tapping. 

107.  B.  —Plate  showing  lamination. 

A.— Swedish  Steel,  etched  surface. 
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Ml*.  Ckampton  exhibited  the  series  of  samples  named  in  the  paper, 
and  called  attention  to  the  circumstance  that  in  none  of  these 
instances  had  the  ii'on  been  made  by  himself ;  it  had  all  been  made 
by  friends  who  had  sent  their  own  iron  and  manipulated  it  in  his 
furnace  perfectly  independently  of  himself.  They  had  made  their 
own  tests,  and  had  forwarded  to  him  their  results,  the  particulars  of 
which  were  stated  in  the  paper.  In  all  cases  these  samples  had 
been  made  from  inferior  iron,  none  of  it  having  less  than  0*87  per 
cent,  of  phosphorus,  and  the  worst — common  Cleveland  pig — having 
1"30  per  cent.  Some  of  the  tests  exhibited  were  of  best  Yorkshire 
plates,  showing  the  opening  of  the  material  in  the  act  of  bending, 
and  its  displacement  in  driving  drifts  through  the  plate ;  and 
cori'esponding  tests  were  shown  of  plates  made  from  common 
Cleveland  pig,  bent  double  cold,  the  fi'actui'e  showing  the  sound 
structiu'e  and  the  extension  of  the  iron.  The  specimen  of  steel 
rails  had  been  made  by  Mr.  Webb  at  Crewe  from  scrap  pig 
containing  0*87  per  cent,  of  phosphorus,  which  had  been  puddled  in 
the  dust-fuel  furnace  at  Woolwich  by  men  sent  from  Crewe  for  the 
purpose,  and  had  then  been  taken  to  Crewe  and  made  into  steel ; 
and  the  report  made  of  this  steel  had  been  most  satisfactory.  It 
had  been  tested  against  the  best  steel  used  for  guns  and  against 
some  of  the  best  steel  from  Sheffield,  and  in  aU  cases  had  been  found 
better  than  the  best  pot-steel.  Other  specimens  of  plate  iron  were 
exhibited,  the  puddling  and  heating  of  which  he  believed  had  not 
taken  more  than  a  ton  of  coal  altogether  per  ton  of  plate  produced  ; 
also  specimens  of  iron  wire  and  of  tool  steel  made  from  Cleveland 
pig.  One  of  the  most  remarkable  pieces  of  ii'on  that  he  supposed 
had  ever  been  produced  was  the  armour-plate  bolt  exhibited,  which 
had  been  broken  by  impact,  a  ton  weight  being  let  fall  on  it  from  a 
height  of  22-|  ft.  in  such  a  manner  as  to  bring  it  into  tension,  and 
with  four  blows  it  broke ;  it  had  stretched  50  per  cent,  in  length 
before  breaking — a  circumstance  that  he  thought  was  unprecedented 
— and  the  sectional  area  had  been  reduced  70  per  cent.  This  bolt 
had  been  made  from  common  iron,  and  such  a  result  he  believed 
could  only  be  arrived  at  by  having  a  good  fettling  and  a  perfectly 
homogeneous  action  in  the  furnace,  not  only  as  to  the  mechanical 
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rabbling  being  brougbt  to  bear  npon  all  parts  of  the  metal  equally, 
but  he  considered  it  was  even  more  important  to  have  the  fire 
perfectly  regular  throughout  the  whole  operation.  He  could  not 
conceive  any  other  reason  for  the  production,  from  the  worst  of  pig, 
of  the  best  of  iron. 


Mr.  F.  W.  Webb  said,  in  reference  to  the  tests  that  he  had  made 
at  Crewe,  so  far  as  he  had  worked  the  iron  made  in  the  Crampton 
furnace,  it  had  been  perfectly  clean  and  good  in  every  way ;  and  by 
analysis  he  found  that  the  phosphorus  was  almost  entirely  eliminated, 
even  from  the  common  Cleveland  pig,  so  much  so  that  there  was  no 
difl&culty  whatever  in  taking  the  puddled  blooms  from  the  furnace 
and  making  good  steel  rails  out  of  the  commonest  Cleveland  iron,  as 
shown  by  the  samples  now  exhibited.  He  woiild  furnish  an  analysis 
of  the  iron  in  the  successive  stages  of  its  progress  from  the  pig  to 
the  finished  steel  rails.* 

The  rough  puddled  bars  that  had  been  puddled  in  the  Crampton 
furnace  at  Woolwich  had  merely  been  broken  up  and  melted  in  a 
Siemens-Martin  furnace  at  Crewe  with  a  little  No.  3  haematite  pig, 
with  the  addition  of  5  per  cent,  of  spiegeleisen,  or  of  ferro-manganese 
containing  from  40  to  70  per  cent,  of  manganese ;  and  with  that 
there  was  no  difficulty  in  making  an  ingot  for  rolling  into  a  rail. 
The  cost  of  melting  up  puddled  bars  by  the  Siemens-jSlartin  process 
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was  not  much ;  the  wages  amounted  to  about  7s.  6d.  per  ton,  and 
then  there  was  about  lis.  altogether  for  the  other  expenses.  The 
cost  of  making  rails  by  the  Siemens-Martin  process  was  about  10s. 
or  12s.  per  ton  less  than  by  the  Bessemer  process.  In  the  working 
of  the  Siemens-Martin  process  at  Crewe,  scrap  was  used  with  the  pig 
iron,  because  it  was  very  important  now  to  know  what  was  to  become 
of  their  large  quantity  of  inferior  or  common  ii'on.  If  by  this  jjrocess 
a  rail  could  be  produced  as  good  or  better  than  any  Bessemer  steel 
raO,  a  step  would  be  taken  in  the  right  direction.  At  the  present 
time  he  was  turning  out  at  Crewe  about  260  tons  per  week  of  steel 
rails  made  of  scrap  pig-iron  and  steel  indiscriminately.  The  whole 
charge  that  he  had  worked  in  the  Crampton  furnace  had  consisted 
of  nothing  but  common  Cleveland  pig,  without  any  scrap. 

Mr.  W.  E.  Newton  congratulated  the  meeting  on  having  before 
them  a  very  useful  and  valuable  paper ;  it  was  one  that  had  been 
wanted  for  some  time,  giving  a  history,  and,  as  far  as  he  could  sec, 
a  pretty  complete  one — with  the  exception  of  one  or  two  minor 
items,  to  which  he  should  refer — of  the  invention  of  mechanical 
puddling.  The  subject  was  one  which  had  created  a  great  deal  of 
interest,  and  had  received  great  attention  during  the  last  ten  or 
fifteen  years.  The  literature  of  the  subject  was  diffused  over  a  great 
number  of  patents,  and  considerable  service  had  been  done  by  the 
author  in  bringing  it  within  a  moderate  scope.  There  were  however 
one  or  two  plans  which  had  not  been  referred  to,  perhaps  because  it 
was  considered  they  only  i*elated  to  details ;  but  still  he  thought  it 
was  as  well  if  some  notice  was  taken  of  them. 

The  first  persons  who  attempted  or  suggested  to  supersede  the 
ordinary  hand  labour  of  puddling  were  Messrs.  Walker  and  Warren, 
whose  apparatus  was  shown  in  Fig.  1.  But,  as  far  as  he  recollected, 
that  idea  had  never  been  candied  into  pi'actical  execution,  and  he 
was  not  sui'e  that  a  single  full- sized  puddling  furnace  had  ever  been 
made  on  that  plan.  This  apparatus  consisted  of  a  simple  horizontal 
cylinder,  having  a  lining  placed  at  an  inclination  to  the  axis,  so 
that  when  the  cylinder  was  rotated  the  melted  metal  was  tlu'own 
from  end  to  end  and  dashed  about,  in  order   that   it   might   be 
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brought  into  contact  with  the  oxygen  of  the  air  and  be  thereby 
decarbonised.  The  next  apparatus  -was  Maudslay's ;  he  was  not 
aware  that  it  had  ever  been  caiTied  into  effect.  It  acted  upon  a 
somewhat  different  principle,  inasmuch  as  it  might  almost  be  said 
that  it  was  an  ordinary  puddling  furnace,  mounted  so  as  to  rotate 
on  a  central  inclined  axis,  so  contrived  that  while  the  furnace 
rotated  on  its  inclined  axis  the  metal  was  agitated  considerably  in 
order  to  be  decarbonised  by  the  action  of  the  air.  There  was 
however  no  means  of  balling  up,  nor  did  the  inventor  propose  to 
supersede  the  ordinary  puddling  process ;  his  only  object  in  fact 
was  to  decarbonise  the  melted  iron  to  a  certain  limited  extent. 
Attention  had  been  directed  in  the  paper  to  the  way  in  which 
the  flame  went  into  the  puddling  chamber  and  passed  out  again 
at  the  same  face ;  but  he  did  not  think  that  any  of  those 
earlier  inventors  had  paid  particular  attention  to  that  part  of 
the  subject.  Something  of  the  same  kind  had  subsequently  been 
proposed  in  Tooth's  later  plan  of  1863;  the  only  difference  was 
that  the  circular  puddling  chamber  was  not  at  an  inclination, 
but  rotated  in  a  perfectly  hoi-izontal  plane,  and  a  tool  was 
introduced  for  the  pui'pose  of  agitating  the  melted  metal  as  the 
vessel  went  round.  It  was  not  necessary  for  the  man  to  work  the 
tool,  but  simply  to  put  it  into  the  metal,  which  was  stirred  up  by 
the  rotation  of  the  vessel  itself.  He  did  not  think  that  that 
apparatus  was  ever  introduced  into  practice  at  all,  or  that  there  was 
ever  one  made.  The  next  apparatus  to  which  he  would  refer  was 
Tooth's  earlier  plan  of  1861,  which  was  actually  carried  out  in 
practice,  and  he  had  seen  it  at  work  several  times.  It  did  its  work 
exceedingly  well,  that  is  to  say,  it  would  puddle  and  reduce  pig  iron 
to  a  state  of  wrought  iron  in  a  moderately  quick  time,  and  save  the 
cost  and  laboui*  of  hand  puddling ;  but  it  was  found  that,  what  with 
the  excessive  heat  produced  and  the  mechanical  abrasion  of  the  metal 
on  the  sides  of  the  cylinder  as  it  rotated,  it  was  quite  impossible  to 
keep  the  apparatus  in  order  ;  and  nothing  that  could  be  devised  ever 
succeeded  in  making  it  stand  for  any  length  of  time,  so  that  it 
became  practically  useless.  This  apparatus  had  been  tried  by 
Air.  Menelaus,  who  had  spent  a  considerable  amount  of  time  and 
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money  on  the  subject ;  and  at  the  Paris  meeting  of  the  Institution 
in  1867  he  had  given  the  results  of  his  experience  and  stated 
that  he  had  not  succeeded  in  practically  reducing  the  plan  to 
anything  like  a  commercial  success.  Now  the  reason  assigned  for 
that  was  that  a  sufficiently  good  fettling  had  not  been  discovered ; 
and  the  attention  of  those  who  were  trying  to  carry  that  plan  into 
practice  was  directed  to  this  point,  so  as  to  get  a  good  fettling,  and 
such  a  kind  of  brick  or  lining  for  the  furnace  as  would  not  be 
injuriously  affected  by  the  heat  and  abrasion  of  the  moving  melted 
metal.  Still,  although  a  good  deal  of  money  was  spent  and  much 
time  was  devoted  to  the  subject,  this  had  never  yet  been  done. 
The  next  great  move  was  that  of  Danks,  who  suggested  that  it 
"would  be  necessary  to  keep  the  rotating  cylinder  cool,  and  showed 
a  plan  for  doing  so,  but  did  not  actually  do  this  to  any  great  extent. 
Curiously  enough,  although  both  the  difficulty  and  the  absolute 
necessity  of  doing  so  were  recognised  by  him,  yet  when  he  came 
to  carry  the  plan  into  practice  at  Middlesbrough  he  really  did  not 
use  the  cooling  apparatus ;  and  consequently,  although  his  furnace 
succeeded  sometimes,  it  did  not  answer  the  purpose  to  such  an 
extent  as  to  induce  ironmasters  to  take  it  up. 

With  regard  to  the  Crampton  fui'nace,  there  were  two  or  three 
points  in  it  that  differed  materially  from  the  inventions  which  had 
preceded  it.  Mr.  Crampton  was  the  first  who  had  really  recognised 
that  the  rotating  cylinder  must  be  kept  cool,  otherwise  the  desired 
result  could  not  be  practically  effected;  and  he  appeared  to  have 
done  so  in  the  most  effective  manner.  There  was  no  doubt  about  it 
that  the  Crampton  furnace  was  the  one  invention  that  had  succeeded 
best  in  this  respect ;  but  he  could  not  agree  to  the  full  extent  with 
the  plan  for  generating  the  heat  in  that  furnace.  It  was  believed  by 
Mr.  Crampton  to  be  the  best  arrangement  to  carry  the  carbonaceous 
ma,tter  into  the  puddling  chamber,  and  to  carry  with  it  the  requisite 
quantity  of  oxygen  in  the  shape  of  atmospheric  air  to  inflame  and 
consume  that  carbon ;  and  that  was  thought  by  him  to  be  the  most 
economical  way  of  generating  the  heat.  Without  doubting  the 
possibility  of  doing  this,  he  nevertheless  thought  that  was  not  the 
best  way  of    carrying  out  the  operation.      What  was  wanted  in 
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puddJing  iron  was,  firet  of  aJJ.  Keat — in  fact  a  nenixal  iaa»  to  reduce 
tlie  pig  iron  to  a  im;]ied  state.  Tb-en  facilitaeB  wen  ^ranted  f or 
introducing  a  certaiu  amount  of  atmoff^b^ie  air  wifli  tibe  r.ame, 
and  to  r^^alat<i  tke  amount  of  oxygen  so  intxodnced,  in  ordeT  to 
<?n«un;  burning  off  to  a  nicetj  the  carixn  eombmed  indi  fee  iroiL 
Wlwjn  tbat  had  heen  done,  no  more  carbon  wae  waaxted,  aad  ndliing 
ftJh^i  was  required  than  to  keep  up  the  heat  to  endi  a  tenpCTature  as 
would  allow  of  collecting  the  j^rticles  of  decaibonified  itoil  and 
forming  them  ijito  a  hall,  and  taking  this  hall  out  of  the  fuma^ 
Now  it  fieemed  to  him  tljat  if,  after  the  iron  had  heer  -       ,, 

nearly  decarbonifted,  uncombined  carbon  in  the  shape  -  -t 

wa«  carried  into  the  puddling  chamber,  with  atmospheric  air  (which 
was  frc:!e  oxygen),  a  very  great  risk  would  be  rtm  of  not  effecting  the 
object  in  view  :  that  is,  although  it  might  be  effected  by  clever  and 
intelligent  workmen,  it  was  not  one  of  those  operations  that  should 
be  left  to  ordinary  workmen.  He  would  therefore  suggest  whet",  r 
it  would  not  be  better  to  generate  the  gases  in  another  chamber, 
and  burn  them  so  as  to  get  a  neutral  flame,  and  then  carry  that  into 
the  puddling  chamber ;  that  would  give  the  means  of  regulating  the 
decarbonising  operation  to  a  nicety,  and  of  doing  all  that  was 
wanted  to  be  done. 

With  regard  to  the  mode  of  producing  the  necessary  gases  and 
flame  in  the  dust-fuel  furnace,  he  thought  the  paper  had  not  given 
all  the  information  that  was  needed,  as  it  had  not  been  stated  what 
economy  was  effected.  It  was  desirable  first  of  all  to  state  what 
amount  of  fuel  was  required  by  the  ordinary  process,  which  was  the 
process  the  dust-fuel  furnace  was  going  to  compete  with ;  and  then, 
how  much  fuel  was  consumed  by  this  plan  to  produce  a  ton  of 
wrouglit  iron.  These  were  statistics  which  had  not  been  given  in 
iho  papor,  and  which  it  was  very  desirable  to  have. 

One  invention  that  had  not  been  alluded  to  in  the  paper  was 
Spencer's,  which  had  been  carried  out  by  Messrs.  Richardson  at 
West  Hartlepool.  He  had  seen  the  first  puddling  machine  that  wa^ 
made  tli(!rc  on  that  plan,  and  certainly  it  was  a  most  complete 
faihii'(3.  The  invention  consisted  mainly  in  forming  a  cylindrical 
rotating  puddling  chamber  by  means  of  a  series  of  iron  bars  whieli 
were  l)Ound  together  by  rings,  and  then  the  inside  was  fettled  in 
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tlie  ordinary  way  to  fill  u[>  all  Dta  r.nkckn.  'Hunii  wan  no  matinn 
provided  for  keeping  thirt  cool,  and  eonH»;(ju(;ni]j  wljen  the  ptjddling 
operation  had  Ixjen  f;arri(;d  on  a  little  time,  the  wbjole  vmml  %tA  no 
tremendonKly  }iot  that  tiie  iron  birw  were  bent  in  all  r/jant^er  of 
nhapes,  and  it  became  an  ntU.'r  wreck  irj  a  Mtr-^  little  time.  Heeing 
wliat  liappened,  Mr.  Spencer  macle  nome  foHher  experirmfntH,  ami 
altimat«!ly  did  succeed  in  making  a  machine  which  fif;ted  v^'.ry  w«;ll. 
He  \\iiA  seen  it  Kome  monthn  afterward:-!  at  MeH«rH,  iiichard«o;j'« 
works,  and  certainly  it  prodtwed  some  y^^  \iAX%ii  puddled  balls ;  l/ot 
the  fault  he  liari  to  find  waK,  that,  the  cljarge  being  y(ir^  large,  thwe 
was  no  sort  of  cer'tainty  whiit  would  be  the  size  of  the  l^alls  tlmt 
would  be  got  out  of  the  faniUK^a.  Bomtitimes  a  }>all  would  Ixj  got 
out  weighing  14  cwt.,  and  sometimes  one  of  anly  about  6  or 
8  cwt.,  with  lialf  a  dozen  little  1/alls  of  not  mwe  tlian  |  cwt. 
eacli.  There  did  not  seem  to  be  any  means  wberel^  to  r<i^;t»lat<j 
the  size  of  the  balk  as  was  done  in  the  OT'<iJnjary  liaTJjd-pujdjdJmg : 
still,  that  furnace  did  produce  wry  good  irorj  JTc  (ju'iUt 
agreed  tliat,  if  Mr.  Cramptf/rj's  plan  of  mechani'-J  f  '''Min;/ 
could  be  brougljt  into  proper  working  forai,  m  that  any 
workman  could  attfind  to  it,  afar  haiUir  class  of  iron  would  j>/obabJy 
be  produced  tlian  was  prodaced  in  the  ordinary  paddling  ift'o<^ihH. 
One  point  in  Mr.  Sp^mcer's  invention  that  was  claimed  as  a 
considerable  novelty — although  he  dixi  not  see  miich  in  it  himself — 
was  this :  that,  instfiad  of  the  lining  or  f<ittling  being  ^apj^lied  in  & 
cold  solid  state,  it  was  first  of  all  m.elte<l-,  and  then  poared  into  ihe 
fomace  while  being  rotated,  so  that  the  whole  of  the  iatej'ior  might  be 
coatefl  with  this  liqtjid  f(itt]ing  bef'^'e  the  iron  was  put  in.  StiU,  h^e 
did  not  think  an^lhing  lia<l  ever  been  done  in  the  way  fjf  keejjingtlie 
cylinder  cool ;  if  it  had,  it  was  simply  by  dropj/ing  a  Little  water  on 
it  and  letting  this  mn  down-  In  the  Cram^/ton  f  oynaee  on  the  other 
hand  the  absolate  necessity  of  doing  this  Ixad  been  rtioo^m^  and 
a  very  convenient  and  ingenious  plan  had  been  detagned  for 
accomplishing  it;  and  having  himself  examined  the  foj-nace  and 
seen  how  tldw  wa«  done,  he  would  suggest  that  »ome  ftiriher 
explanation  should  Ijc  given  of  this  paH  'jf  the  oonstraetaon,  a« 
he  did  not  think  the  IwTef  description  given  iri  the  paper  wa#  qiuie 
Bufficnent  tfj  satisfy  those  who  had  not  »een  tlie  f  o^mace  itself. 
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Mr.  Jeremiah  Head  said  that  tlie  question  of  mecliaiiical 
puddling  seemed  naturally  to  divide  itself  into,  first,  the  chemical 
process  called  puddling,  or  the  elimination  of  the  impurities  from 
pig  ii'on;  and  secondly,  the  mechanical  appliances  by  which  that 
"was  best  effected.  Some  time  since,  some  experiments  had  been 
made  at  the  Konigshiitte  Iron  Works  in  Upper  Silesia  on  the  process 
of  puddling  in  an  ordinary  furnace,  and  the  pei'iod  of  puddling  from 
the  cold  pig  iron  up  to  the  finished  wrought  iron  was  divided  into 
certain  stages  or  intervals.  At  each  stage  a  sample  of  pig  iron  was 
taken  out,  and  also  a  sample  of  the  fettling  into  which  the 
impurities  were  gradually  passing.  These  were  analysed  by 
Dr.  Kollmann  of  Oberhausen,  and  the  results  were  published  in  the 
Annales  IndustrieUes,  and  afterwards  copied  into  some  of  the 
EngKsh  scientific  journals.  These  results  he  had  drawn  out  in  a 
geometrical  form  in  the  diagrams  exhibited  (Plates  45  and  46),  in 
order  to  show  the  process  exactly  as  it  went  on ;  Plate  45  gave  the 
analyses  of  the  iron,  with  enlarged  details  of  the  impurities,  and 
Plate  46  of  the  fettling.  The  vertical  lines  represented  the 
nine  or  ten  different  periods  when  the  analyses  were  taken; 
the  times  of  observation  were  given,  lasting  from  10-23  a.m.  to 
12-42  noon,  and  cori'esponding  in  both  cases.  At  the  top  of  each 
diagram  was  shown  what  was  happening  in  those  intervals  ;  the 
1st  vertical  line  in  Plate  45,  for  instance,  represented  the  proportion 
between  the  iron  and  the  different  impurities  in  the  gi*ey  pig  dealt 
with ;  the  2nd,  when  it  was  melted  in  the  puddling  furnace  ;  the  3rd, 
when  it  had  been  somewhat  longer  in  a  melted  condition ; 
the  4th,  when  some  of  the  solid  grains  developed  in  puddling 
began  to  appear ;  the  5th  and  6th  were  in  the  period  of 
decarbonisation ;  the  7th  and  8th,  when  the  metal  was  coming  to 
natui'e;  and  the  9th,  when  it  was  in  the  shape  of  puddled  bar. 
Each  of  the  impurities  was  also  shown  by  itself  in  Plate  45  in  a 
subsidiary  diagram  with  a  datum  line,  so  that  they  could  be  studied 
separately,  while  the  general  diagram  showed  them  all  combined 
together.  Taking  them  separately,  and  beginning  with  the 
phosphorus,  it  would  be  observed  that  in  simply  melting  the  pig  the 
phosphorus  was  reduced    by  about   one  third,  and  its  elimination 
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went  on  pretty  uniformly  from  beginning  to  end.  The  second 
impurity  was  the  sulphur,  and  the  pig  used  seemed  to  have  been 
remarkably  free  from  sulphur ;  there  was  very  little  in  it,  but  what 
there  was  had  gone  pretty  steadily  out  from  beginning  to  end.  The 
third  impurity  was  manganese,  of  which  nearly  half  disappeared 
simply  in  melting ;  then  it  seemed  to  halt  a  little,  but  afterwards 
went  quicker.  The  fourth  was  silicon  ;  and  it  was  remarkable  that 
in  the  melting — before  any  isolated  grains  of  iron  even  began  to 
appear — most  of  the  silicon  was  gone.  The  next  was  carbon :  it  would 
be  seen  that  when  almost  all  the  silicon  was  gone,  no  carbon  whatever 
had  disappeared;  on  the  contrary  the  proportion  of  carbon  was 
apparently  increased,  because  some  of  the  other  ingredients  had 
gone.  Up  to  the  time  of  the  isolated  grains  having  appeared,  and 
the  beginning  of  the  period  of  decarbonisation,  the  carbon  was  not 
sensibly  diminished  ;  then  it  went  quickly  out,  down  to  the  end  of 
the  process. 

Now  on  referring  to  the  other  diagram,  Plate  46,  representing 
the  analyses  of  the  fettling,  it  would  be  perceived  that,  just  as  these 
different  impurities  decreased  in  the  iron,  so  they  increased  in  the 
fettling.  The  darker  shade  in  all  cases  showed  the  elementary 
substance  itself,  and  the  lighter  showed  the  oxygen  combined  with 
it  to  form  the  oxide.  It  would  be  seen  that,  as  the  phosphorus 
disappeared  from  the  pig  in  the  melting,  so  it  increased  in  the 
fettling  ;  there  was  a  certain  amount  of  phosphorus  in  the  fettling 
to  begin  with,  and  on  the  whole  there  was  more  in  it  by  the  end  of 
the  process,  with  many  intervening  ups  and  downs,  than  at  the 
beginning,  and  corresponding  with  the  smaller  amount  remaining  in 
the  iron.  Then  there  were  two  impurities — lime  and  alumina — which 
did  not  appear  to  be  in  the  pig,  and  therefore  might  be  supposed  to 
have  been  in  the  original  fettling.  It  was  seen  there  was  nearly  as 
much  lime  in  the  fettling  at  the  end  as  at  the  beginning ;  therefore 
that  probably  had  had  little  or  no  effect.  The  same  with  the  alumina ; 
it  had  been  in  the  fettling  originally,  and  had  continued  in  it 
throughout,  having  had  hardly  any  effect.  Taking  next  the 
manganese,  as  this  quickly  got  less  in  the  pig  at  the  beginning,  so  it 
quickly  got  more  in  the  fettling  ;  with  many  intex'mediate  ups  and 


268  MECHANICAL   PUDDLING.  Jllv. 

downs  it  was  more  at  the  end  in  the  fettling  than  at  the  beginning, 
whereas  in  the  iron  it  was  very  considerably  less  at  the  end.  Of 
course  the  actual  amounts  of  the  several  substances  in  the  iron  could 
not  be  compared  with  those  in  the  fettling  by  a  comparison  of  these 
different  diagrams,  because  it  would  be  requisite  to  know  in  each 
case  the  total  weight  of  pig  iron  in  relation  to  the  total  weight  of 
fettling  in  contact  with  it,  a  question  which  the  diagrams  did  not 
take  cognisance  of.  The  silicon,  which  disappeared  so  quickly 
from  the  ii'on  in  melting,  was  seen  to  have  increased  at  the 
same  time  in  the  fettling ;  and  then  after  several  ups  and 
downs  it  was  somewhat  more  at  the  end  than  at  the  beginning. 
With  regard  to  the  iron  in  the  fettling,  it  existed  in  two 
forms,  peroxide  and  protoxide;  most  of  it  was  in  the  protoxide. 
There  was  not  really,  as  would  be  seen  by  the  diagram,  very  much 
chemical  difference  between  the  two,  the  peroxide  only  containing 
half  as  much  oxygen  again  as  the  protoxide.  However  it  was  rather 
curious  how  the  iron  in  the  fettling  seemed  to  change  about  from  one 
to  the  other  dui'ing  the  process ;  at  first  it  was  seen  how  rapidly  the 
change  went  on  in  the  simple  melting,  peroxide  having  disappeared 
and  protoxide  increased,  showing  that  the  iron  was  changed  from 
one  form  to  the  other.  After  various  vicissitudes  it  was  seen  that 
there  was  rather  less  peroxide  at  the  end  than  at  the  beginning, 
and  a  trifle  less  protoxide,  but  there  was  not  very  much  difference  : 
showing  that  some  had  been  reduced,  and  had  probably  gone 
to  correspond  with  the  increase  of  iron  that  there  was  in  the 
product  obtained,  and  so  to  swell  the  yield.  To  view  the  matter  in 
this  way  was  a  considerable  help  to  himself,  and  to  any  who  had  not 
been  brought  up  as  analytical  chemists ;  and  he  thought  it  might 
perhaps  be  acceptable  to  the  members  to  have  it  thus  brought  before 
them. 

Reference  had  been  made  in  the  paper  to  the  high  wages  paid  to 
good  puddlers.  Now  at  the  present  moment  he  did  not  think  that 
puddlers  were  overpaid.  The  rate  of  puddling  grey  iron  was  8s.  Sd. 
per  ton ;  if  a  man  got  all  he  could  do,  if  he  got  the  full  number  of 
days  per  week,  after  he  had  paid  his  under-hand,  and  after  he  had 
got  his  prize  money  of  6c?.  per  shift,  he  could  not  make  more  than 
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about  35s.  per  week ;  which  did  not  seem  to  him  excessive.  But 
inasmuch  as  under-hands  were  extremely  scarce,  at  least  half  the 
puddling  furnaces  in  the  Cleveland  disti-ict  were  worked  "level- 
hand,"  that  is,  two  puddlers  worked  each  furnace  and  divided  the 
proceeds ;  and  if  they  worked  level-hand  and  got  the  full  number  of 
heats,  they  could  not  get  more  than  about  30s.  each  per  week. 
Of  course  they  did  not  always  get  the  full  number  of  heats; 
therefore  he  did  not  think  that  the  puddler,  considering  what  he 
had  to  do,  was  an  overpaid  workman.  The  ironworkers  who  were 
often  overpaid  were  the  rollers,  heaters,  and  certain  contractors  : 
the  plate  rollers  in  his  own  works  were  at  present  earning  each 
about  £8  clear  per  week  under  favourable  circumstances,  that  is, 
•when  they  got  a  good  fair  average  quantity ;  that  was  what  they 
earned  in  one  of  the  two  plate  mills,  and  in  the  other  they  got 
about  £4  per  week. 

The  increase  in  the  yield  of  iron  restilting  fi'om  the  skill  of  the 
puddler  had  also  been  referred  to  in  the  paper.  That  was  true  to  a 
considerable  extent,  but  not  altogether;  the  increase  of  yield  resulted 
in  some  cases,  as  he  had  tried  to  show,  from  the  fettling.  In  an 
ordinary  puddling  furnace  any  good  puddler,  if  supplied  with  plenty 
of  fettling  of  good  quality,  could  bring  out  more  iron  than  was  put 
in  as  pig ;  but  it  was  true,  as  stated  in  the  paper,  that  practically 
the  yield  was  fi'om  5  to  10  per  cent.  less. 

With  regard  to  the  mechanical  rabble,  at  the  present  time  in  the 
Cleveland  district  there  were  several  furnaces  on  that  principle  at 
work,  and  they  seemed  on  the  whole  to  do  better  than  the  ordinary 
hand-puddling  furnace ;  they  puddled  larger  heats,  and  seemed  to 
be  able  to  produce  good  puddle  bars  at  a  somewhat  lower  price. 
They  were  also  preferred  for  other  reasons ;  the  transition  from  an 
ordinary  puddling  furnace  to  the  mechanical  rabble  was  not  so  great 
as  to  a  rotary  furnace  like  that  described  in  the  paper.  Then  again 
the  scarcity  of  under-hands,  and  the  habit  of  the  men  to 
work  level-hand,  seemed  to  be  rather  well  adapted  to  a  puddling 
furnace  with  the  mechanical  rabble :  four  level-hands  working 
large  heats  in  a  double  furnace  could  do  better  than  he  had  shown 
they    could    do    in    an    ordinary    single    puddling    furnace;    and 
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consequently  the  meclianical  rabble  was  perhaps  more  in  favour 
with  the  men. 

With  regard  to  the  Crampton  fui*nace  itself,  he  had  now  had 
some  experience  with  it  at  his  own  works  during  the  last  2|  years, 
and  had  watched  it  closely  at  Woolwich  2  years  before  that.  He 
was  of  opinion  that  without  doubt  the  requisite  heat  could  be  got 
with  powdered  fuel  of  good  quality ;  there  was  also  no  difficulty 
whatever  in  producing  that  powdered  fuel.  It  was  usually  necessary 
to  dry  the  fuel  before  grinding,  otherwise,  coming  as  it  commercially 
did  in  trucks  and  being  liable  to  exposure  to  rain,  it  might  go  into  a 
pulp;  but  if  it  was  dried,  and  then  well  ground,  which  could  be 
done  by  proper  appliances,  there  was  no  difficulty  in  getting  the 
required  heat.  But  he  thought  perhaps  the  labour  and  expense 
required  in  feeding  the  powdered  fuel  into  the  furnace  had  been 
underrated  in  the  paper,  in  which  it  had  been  stated  that  the  furnace 
could  be  fed  with  fuel  entirely  by  mechanical  means,  without  any 
labour.  That,  strictly  speaking,  was  quite  correct ;  the  coal  required 
to  be  gi'ound,  and  a  miller  was  therefore  required  to  look  after 
the  stones  and  other  machinery  for  grinding  and  sifting  it;  and 
owing  to  the  state  in  which  the  coal  was  apt  to  come  in  from  the 
trucks,  some  labour  was  required  for  drying  it.  Supposing  a  full 
forge  of  eight  furnaces  were  at  work,  he  thought  that,  including  the 
miller  and  driers  and  so  on,  at  least  four  men  would  be  needed ;  at 
his  own  works  he  had  not  succeeded  with  fewer  yet,  so  that  it  was 
a  question  whether — as  in  an  ordinary  puddling  furnace  the 
coal  was  simply  tipped  into  the  bunkers  and  shovelled  into  the 
furnace  by  an  under-hand — those  four  men  with  the  eight  Crampton 
furnaces  ought  not  to  be  considered  as  standing  against  one  man 
to  each  ordinaiy  fvu-nace. 

With  regard  to  homogeneous  iron,  of  which  a  great  deal  had 
been  said  in  the  paper,  he  did  not  think  there  was  any  advantage  in 
representing  anything  under  too  favom-able  an  aspect,  because  the 
object  was,  if  there  were  difficulties,  to  discuss  them,  and  perhaps 
some  one  would  then  be  able  to  remove  them;  and  having  devoted  a 
good  deal  of  money  and  time  to  the  success  of  this  furnace,  he  felt 
anxious  that  all  difficulties  that  remained  should  be  solved.     There 
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was  no  doubt  that  difficulties  of  lamination  in  the  iron  wei'e  most 
apparent  in  rails,  in  plates  intended  for  flanging,  and  in  angle-irons 
intended  for  being  bent ;  but  lamination  he  had  never  found  to  be 
any  very  serious  detriment  to  plates  used  for  shipbuilding  purposes 
or  bridge  building,  or  even  for  the  shells  of  boilers  where  the  iron 
was  not  exposed  to  the  action  of  the  fire  and  was  not  flanged.  Under 
such  circumstances  the  lamination  very  rarely  became  apparent 
in  any  way,  so  far  as  his  experience  went ;  and  with  regard  to  plates 
by  far  the  largest  consumption  was  for  bridge  and  shipbuilding 
purposes,  where  they  were  not  flanged  at  all.  The  making  of  iron 
in  solid  blooms  was  not  a  new  process,  it  had  been  tried  at  various 
times;  and  the  puddled-bar  process  had  been  considered  as  an 
.improvement  upon  it  and  as  superseding  it,  rather  than  the  other 
way.  But  it  was  possible  of  course  that  with  better  appliances  that 
order  might  be  reversed,  and  the  solid  blooms  might  be  reverted  to. 
The  sample  exhibited  of  plate  iron,  which  had  been  flanged  hot  and 
drifted  hot,  had  been  made  under  his  directions  at  his  own  works. 
The  Cleveland  pig  from  which  it  had  been  made  was  made  at  the 
Carlton  Iron  Works  by  Mr.  Briggs,  by  whom  it  had  been  sent  to 
Woolwich  and  puddled  in  the  Crampton  furnace ;  it  had  then  been 
sent  down  to  himself  in  the  shingled  bloom,  reheated,  rehammered, 
and  rolled  into  a  plate.  The  two  holes  in  the  sample  were  originally 
about  I  in.  diameter,  and  were  drifted  hot  to  their  present  sizes, 
1|  in.  and  2f  in.  diameter ;  it  was  seen  they  had  stood  remarkably 
well,  and  better  iron  could  not  be  desired  for  any  purpose.  But  it 
must  not  be  supposed  that  the  whole  plate  out  of  which  that  sample 
was  made  would  have  done  that ;  the  plate  had  various  defects  on 
the  surface,  and  the  sample  piece  was  free  from  those  defects.  This 
showed  that  the  quality  was  in  the  iron ;  still  the  difficulty  of  getting 
large  plates  free  from  defects  had  not  yet  in  his  opinion  been  altogether 
surmoanted.  A  plate  was  a  very  difficult  thing  to  make  free  from 
all  defects ;  if  there  was  anything  raw  in  the  iron  in  any  way,  it  was 
sure  in  the  rolling  to  come  out  somewhere  on  the  sui'face  and  spod, 
the  plates.  A  large  plate  was  rejected  for  a  very  small  defect, 
although  the  quality  of  the  iron  might  really  be  good ;  that  was 
probably  the  principal  difficulty  to  contend  with,  and  he  did  not 
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think  it  had  jet  been  fully  surmounted.  In  the  rolling  of  these 
plates  they  did  not  roll  exactly  as  ordinaiy  ii-on  did.  They  seemed 
to  roll  very  beautifully  at  the  time,  almost  like  lead ;  but  when  they 
were  cold,  certain  defects  were  apt  to  be  found  which  were  not  seen 
when  the  plates  were  hot ;  and  the  iron  was  what  was  called  of  a 
di-y  nature,  that  is,  there  seemed  to  be  less  cinder  in  it  than  there 
was  in  ordinary  ii'on.  It  was  likely  that  these  difficulties  would  be 
overcome  after  a  while,  but  they  were  not  completely  overcome  yet ; 
and  he  thought  it  was  as  well  to  name  them  candidly,  in  order  that 
those  experienced  in  such  matters  might  be  able  to  make  some 
suggestion.  It  had  occurred  to  him  that  very  likely  the  great 
tendency  of  defects  to  come  out  to  the  surface  when  iron  was  rolled 
out  into  thin  flat  pieces  was  what  had  early  suggested  the  puddied- 
bar  system  as  superseding  the  bloom  system.  It  had  been  said  that 
if  the  iron  could  only  be  rolled  thin  enough  the  impurities  would  be 
brought  out  to  the  surface,  and  then  there  would  be  an  opportunity 
for  I'ejectLng  defective  pieces.  Also  when  it  was  put  into  the  form 
of  puddled-bar,  bars  could  always  be  selected  for  the  top  and  bottom 
of  the  pile  which  were  free  from  defects,  and  this  ensured  a  good 
surface  ;  any  piece  could  also  be  rejected  that  might  have  any  very 
manifest  impurities  in  it. 

Warning  was  given  in  the  paper  that  it  must  never  be  expected 
to  get  the  process  of  puddling  made  entu'ely  self-acting ;  and  in  this 
he  thought  the  author  was  wise,  as  also  in  inviting  free  discussion  of 
the  subject.  With  regard  to  the  various  plans  for  mechanical 
puddling  that  had  been  referred  to  in  the  paper,  he  was  much  struck 
in  the  case  of  this  subject,  as  in  the  case  of  many  others,  with  the 
gi'eat  number  of  minds  that  had  been  working  upon  it  at  various 
times.  Nothing  of  this  sort  was  the  product  of  one  mind ;  a  great 
many  had  really  built  it  up  gradually.  The  list  of  inventors  given 
was  by  no  means  complete ;  and  there  were  others  unknown  by  that 
name,  yet  who  had  laboured  assiduously  for  a  long  time,  and  had 
materially  contributed  to  the  development  of  rotary  puddling. 

Mr.  E.  H.  Carbutt  considered  they  were  much  obliged  to  the 
author  for   bringing   this   subject  before  the   Institution,    and   he 
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thought  a  lesson  might  be  drawn  from  it  for  the  future ;  for  he 
believed  this  was  the  death-knell  of  the  wrought-ii'on  trade,  and 
that  in  a  few  years'  time  the  general  use  of  wrought  ii*on  would 
be  a  thing  of  the  past,  and  that  steel  would  be  used  for  every  possible 
purpose.  That  impression  had  been  confirmed  by  the  remarks  of 
Mr.  Head,  who  had  stated  that  there  was  a  very  great  difficulty  in 
getting  a  good  plate  made  from  puddled-bars,  and  that  plates  so 
made  were  liable  to  have  many  defects  and  flaws. 

From  his  own  knowledge  of  the  appliances  that  were  used  in 
manipulating  the  large  balls  of  iron  that  were  rolled  into  puddled- 
bars,  he  was  convinced  that  at  present  at  any  rate  the  right  way  of 
dealing  with  them  had  not  been  arrived  at.  The  only  way  in  his 
.opinion  was  to  do  what  had  been  described  by  ]\Ii".  Webb — remelt 
the  puddled-bar  in  a  bath  of  cast  iron  in  the  open  hearth  of  a  furnace 
heated  with  gas  or  coal,  and  make  it  into  steel ;  then  it  could  be  cast 
into  an  ingot  small  or  large,  and  could  be  manipulated  thoroughly. 
At  the  present  time  a  puddled-ball  was  obtained  which  contained  a 
great  many  impurities,  and  there  was  no  possible  means  of 
manipulating  it  so  as  to  get  rid  of  these.  The  great  thing  which 
had  kept  back  the  use  of  steel  was  the  action  of  the  Board  of  Trade 
in  not  allowing  bridges  and  ships  to  be  constructed  with  steel  plates, 
which  could  be  proved  to  bear  a  greater  tensile  strain  than  iron 
plates ;  if  that  difficulty  could  be  overcome  he  believed  that  the 
substitution  of  steel  would  be  a  certainty.  Steel  was  already 
used  largely,  and  would  be  used  still  more  largely,  for  rails,  axles, 
and  everything  connected  with  railways;  and  he  believed  the  practice 
of  Sir  Joseph  Whitworth  would  be  followed  in  the  use  of  steel  for 
guns,  and  that  in  the  future  all  guns  would  be  made  of  steel.  The 
governments  of  Germany  and  Russia  were  having  steel  guns,  and  he 
believed  this  country  was  now  placed  at  a  disadvantage  in  that 
respect. 

It  had  l)een  shown  in  the  paper  now  read  how  by  means  of  the 
Crampton  puddling  furnace  impurities  could  be  eliminated  out  of 
cast  iron,  and  a  spongy  mass  obtained  that  could  be  converted  into 
steel  at  a  cheap  rate.  By  that  means  it  would  be  possible  to  utilise 
all  the  pig  iron  made  on  the  East  coast  of  this  country,  and  to  make 
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steel  of  it,  and  tlie  pig  iron  on  the  West  coast  could  be  made  into 
steel  by  the  Bessemer  process;  so  that  all  the  raw  material  in 
England  could  be  utilised,  with  far  less  wear  and  tear  upon  the  men, 
and  with  better  results  in  the  end. 

Mr.  Bernard  P.  Walker  remarked  with  respect  to  the  first 
revolving  puddling  furnace,  referred  to  in  the  paper,  that  he  was  the 
inventor,  and  it  was  actually  put  into  operation  on  a  small  scale  with 
a  i  cwt.  charge,  and  results  were  arrived  at  which  corresponded  with 
what  had  been  stated  in  respect  of  the  working  of  subsequent  plans 
for  revolving  furnaces.  The  iron  produced  was  found  to  be  almost 
invariably  cold-short,  the  same  as  had  been  the  case  in  the  trials 
afterwards  made  by  Mr.  Menelaus ;  every  now  and  then  some  pieces 
were  got  that  could  be  rolled  out,  and  he  had  some  pieces  still  that 
had  been  rolled  out  into  sections  equal  to  |  in.  round  iron.  The 
experiments  had  been  carried  on  only  on  a  small  scale  for  pecuniary 
reasons ;  the  pig  iron  had  been  made  at  the  Lays  Iron  Works  near 
Stourbridge,  from  East  Worcestershire  and  Staffordshire  ore. 
The  lining  or  fettling  adopted  for  the  puddling  vessel  had  been 
suggested  by  the  late  Mr.  S.  H.  Black  well,  who  had  been  present  at 
the  experiments,  and  it  consisted  of  haematite  red  ore  from 
Cumberland  mixed  with  Stourbridge  burnt  fii'eclay ;  and  that  gave 
the  best  results  that  had  been  attained.  He  had  then  been  preparing, 
also  at  Mr.  Blackwell's  suggestion,  to  use  gas  for  heating  the 
furnace,  when  he  heard  of  the  experiment  which  had  been  tried 
by  Mr.  Tooth,  with  whom  he  soon  afterwards  put  himself  in 
communication;  but  the  matter  had  fallen  through,  and  nothing 
had  been  done  for  a  long  time,  he  supposed  on  account  of  the 
state  of  the  patent  law,  until  the  whole  interest  in  the  invention  was 
made  over  to  the  Dowlais  Iron  Company.  He  thought  it  might 
be  interesting  to  the  members  to  know  that  those  earliest  experiments 
had  actually  been  tried  with  a  certain  amount  of  success ;  and  in 
common  with  every  one  else  he  felt  greatly  indebted  to  Mr.  Cramptou 
for  so  far  maturing  this  original  invention  of  his  own ;  he  certainly 
trusted  that  it  was  the  commencement  of  an  important  era  in  the 
iron  trade  of  this  country. 
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Mr.  C.  Cochrane  asked  whether  !Mi\  Crampton  had  dealt  with 
the  question  of  dividing  up  the  large  ball  of  iron  produced  from  his 
furnace  into  smaller  parts,  so  as  to  meet  the  necessities  of  such 
districts  as  that  of  South  Staffordshire.  Two  years  ago  he  had 
himself  made  an  effort  to  introduce  the  system  into  Staffordshire, 
and  the  main  objection  by  which  he  had  been  met  was  that  the  ball 
was  so  large  that  it  was  impossible  to  handle  it  in  any  of  the  existing 
ironworks,  which  contained  no  machinery  competent  to  roll  such 
large  masses.  That  of  course  meant  that  if  the  apparatus  was  to  be 
adopted  in  that  district,  and  the  ball  was  to  be  of  service  at  all,  it 
must  be  divided  up ;  otherwise  there  would  have  to  be  a  sweeping 
away  of  the  whole  of  the  plant  of  any  works  where  it  was  pi-oposed 
to  adopt  this  system  of  puddling.  He  believed  Mr.  Crampton  had 
some  idea  of  devising  a  means  of  dividing  up  the  ball ;  and  he  should 
be  glad  to  know  whether  he  had  done  so.  In  Middlesbrough,  where 
there  was  a  much  superior  plant  to  that  of  Staffordshire,  it  was  looked 
upon  as  highly  objectionable  to  have  to  divide  the  ball  up  even  into 
two,  which  was  done  by  cleaving  it  under  the  hammer  before  passing 
it  on  to  the  rolls. 

Mr,  S.  Z.  Lloyd  asked  whether  more  detailed  information  could 
be  given  as  to  the  cost  and  quality  of  the  fettling  used,  as  compared 
with  the  cost  of  the  ordinary  fettling  in  the  Cleveland  district.  The 
quantity  had  been  stated  to  be  8  cwt.  per  ton  of  pig,  but  the  quality 
had  not  been  mentioned.  Some  information  which  would  give  the 
means  of  ascertaining  the  comparative  cost  would  be  valuable. 

^Ir.  E.  A.  CowPER  thought  they  were  much  indebted  to  the 
author  for  .bringing  forward  such  a  comprehensive  paper,  not 
dealing  so  much  with  the  actual  use  of  his  own  furnace  as  with 
the  great  question  of  large  masses  of  homogeneous  metal  being 
puddled  in  a  perfect  manner  and  brought  out  in  good  condition. 
He  thought  the  production  of  these  large  masses  was  more  important 
than  the  reduction  of  the  cost  of  puddling;  because  in  making  large 
plates  and  large  structures  of  all  kinds,  homogeneous  masses  must 
be  produced  to  obtain  perfection  of  material,  but  he  was  afraid  the 
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same  perfection  that  was  already  attained  with  steel  could  never  be 
obtained  with  iron,  unless  the  metal  was  thoroughly  melted.  He 
thought  that  mechanical  puddling  fui*naces  were  of  immense 
importance  to  the  South  Staffordshire  district,  because,  although 
unfortunately  a  very  large  quantity  of  pigs  puddled  in  the  district 
came  from  a  distance,  there  would  always  be  a  demand  for  South 
Staffordshire  iron  puddled  in  the  district,  to  make  the  peculiar  and 
varying  qualities  of  wrought  iron  required  to  stand  the  great 
variety  of  contortions  and  strains  put  upon  it  by  manufacturers 
in  that  neighbourhood.  This  he  thought  would  always  cause 
puddled  iron  to  be  made  in  that  district  to  a  large  extent,  and 
therefore  he  thought  the  Crampton  furnace  was  of  especial 
importance  to  the  ironmasters  and  manufacturers.  The  Staffordshire 
boiler  plate  was  a  good  thing  when  something  better  could  not 
be  got;  though  of  course  the  Yorkshire  plate  did  surpass  it  to 
a  certain  extent,  and  the  Staffordshire  ironmasters  would  be 
glad  to  be  able  to  make  the  quality  of  the  Staffordshire  up 
to  the  Yorkshire.  He  had  seen  the  product  of  the  Crampton 
furnace  at  Woolwich  from  time  to  time,  and  he  must  say  the 
^Middlesbrough  pig  even  had  turned  out  wrought  iron  very 
nearly  equal  in  quality  to  the  Lowmoor.  He  was  not  referring  to  a 
single  bar,  but  he  had  picked  up  different  bars  and  broken  them 
with  a  sledge  hammer,  observing  how  they  broke,  and  the  metal 
had  been  superior  to  anything  made  from  Middlesbrough  iron  by 
hand.  He  did  not  mean  to  say  that  no  other  rotator  could  do  the 
same,  as  all  rotators  that  would  work  made  better  iron  than  was 
made  by  hand.  In  the  Crampton  furnace  the  whole  of  the  iron  was 
treated  equally  and  all  brought  to  nature  at  one  time,  instead  of  a 
little  bit  at  a  time  as  was  done  by  hand.  The  iron  knew  when  to  ball 
up  better  than  tbe  puddler,  and  all  that  had  to  be  done  was  to  retard 
it  a  little  and  prevent  it  from  balling  up  too  quickly  and  producing 
the  iron  too  "young."  If  the  balling  up  was  done  at  the  right  time, 
the  fine-grained  quality  was  obtained  which  was  seen  in  Lowmoor 
iron,  and  which  was  very  advantageous  in  tyres,  axles,  boilers,  and 
other  constructions. 

With  regard  to  the  mechanical  puddling  furnaces  themselves, 
he  thought  that  the  early  failures  of  rotators  arose  very  much  from 
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the  fact  of  trying  to  make  a  fettling  or  lining  that  would  stand. 
He  thought  Mr.  Danks  had  been  one  of  the  fii'st  to  face  that  difficulty 
boldly,  by  determining  not  to  care  if  the  fettling  did  not 
stand,  but  deciding  that  if  iron  could  be  got  out  of  the  oxide 
of  iron  used  as  fettling  it  would  pay,  and  more  oxide  of 
iron  could  be  put  in  to  go  on  with  the  puddling  again.  The 
Danks  furnaces  had  accordingly  been  fettled  with  oxide  of  iron, 
and  more  iron  was  brought  out  than  the  pig  put  in ;  and  that  way 
of  working  paid,  and  would  pay.  It  was  a  question  of  supplying 
good  fettling;  no  brick  lining  would  ever  stand  the  wash  of  the 
liquid  iron  in  the  puddling  vessel  unless  covered  by  a  coat  of 
fettling.  Undoubtedly  that  was  the  right  way  of  making  a 
fxirnace  work,  constantly  "  basting  "  it  with  fresh  fettling,  and 
letting  this  stick  to  the  sides  by  cooling.  Mr.  Tooth's  puddling 
chamber  as  he  understood  had  been  cooled  to  a  certain  extent  with 
a  sprinkling  of  water  on  the  outside,  and  the  difficulty  had  been  faced 
more  boldly  by  Mr.  Danks,  who  had  employed  a  pretty  good 
sprinkling,  but  still  not  enough.  Still  the  Danks  furnace  had  not 
succeeded  in  doing  so  much  as  had  been  expected  of  it  by  those  who 
had  tried  to  drive  it  and  to  get  as  much  work  out  of  it  as  possible, 
with  the  idea  of  reducing  working  expenses :  the  result  being  in  one  or 
two  cases  that  the  expenses  were  doubled  by  the  fui^nace  being  torn 
to  pieces  by  the  heat.  Some  of  those  furnaces  had  been  treated  in 
a  most  unfair  manner  in  this  country ;  great  pressure  had  been  put 
upon  them,  so  that  the  fire  had  been  blazing  out  all  round  the  joints 
and  cutting  the  furnace  to  pieces  ;  whereas  if  it  were  kept  cool 
it  had  a  fair  chance  of  working  well.  He  was  not  speaking  from 
his  own  opinion,  but  from  what  had  been  done  by  others.  Mr.  Robert 
Heath,  M.P.,  Stoke-upon- Trent,  had  been  working  with  Danks 
furnaces  from  the  first  and  treating  them  moderately ;  it  was  not 
thought  that  much  money  was  saved,  but  a  better  quality  of  metal 
was  made.  He  had  lately  come  across  some  of  Mr.  Heath's  plates, 
and  found  that  they  were  rising  in  estimation  generally. 

The  question  of  cooling  the  furnace  had  been  faced  in  a  very 
complete  manner  by  Mr.  Crampton,  who  had  a  close  water  jacket 
on  the  outside  of  the  fui'nace,  which  consequently  kept  absolutely 
in  shape ;    it  had   been   running  on  the  same  rollers    for   several 
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years,  and  had  never  been  buckled  out  of  shape.  ^Ir.  Crampton 
had  certainly  made  a  rotator  that  would  work  well,  the  wear  and 
tear  being  very  small.  With  regard  to  the  powdered  fuel,  he  did 
not  feel  quite  competent  to  give  a  decided  opinion  on  it,  because  he 
had  some  misgiving  about  the  cost  of  giinding.  As  to  the 
fettling  he  should  be  glad  if  !Mr.  Crampton  would  give  a  little 
more  information.  All  the  rotary  puddling  furnaces  required 
good  fettling ;  they  would  not  work  well  with  bad  fettling.  Fettling 
was  wanted  with  more  iron  in  it  than  common  fettling  had ;  bulldog 
had  not  quite  enough,  it  contained  too  much  silica,  and  was  too 
fusible.  If  ordinary  ball-furnace  cinder  were  melted  down,  with  a 
certain  quantity  of  scrap-iron,  good  fettHng  containing  the  required 
proportion  of  iron  could  be  made. 

Another  point  was  with  regard  to  cutting  up  the  ball.  Balls  had 
been  cut  up  in  a  satisfactory  manner  by  a  large  pair  of  cutting 
shears  bent  at  the  end  like  curved  scissors,  that  were  bent 
down  and  inserted  in  the  furnace,  and  the  oval  roll  or 
ball  of  metal  was  nipped  in  half  in  the  furnace  at  a  time  when 
it  was  hot  and  soft  like  wax.  He  did  not  think  there  was 
much  difficulty  about  this,  and  if  it  was  wished,  the  baU  could  be  cut 
small  and  piled  afterwards ;  it  was  a  great  pity  to  pile  it,  unless 
it  was  necessary.  He  thought  it  might  be  expected  with  confidence 
to  get  baUs  made  up  to  10  cwt.  very  clean,  and  with  such 
heat  in  them  that  when  properly  manipulated  the  cinder  would  come 
well  out.  He  had  seen  bars  rolled  down  to  about  2|  in.  square, 
from  an  ordinary  ball  that  had  been  puddled  in  the  Crampton 
furnace,  and  when  cold  it  had  been  folded  down  close  under  the 
steam  hammer  without  the  symptom  of  a  crack ;  and  there  was  less 
cinder  and  less  dirt  in  them  than  in  the  bars  that  were  used  for  gun 
coils  by  the  government,  as  was  seen  when  a  bar  was  planed  half  away. 
He  believed  it  was  for  the  purpose  of  making  these  bars  for  gun 
coils  that  the  Crampton  ftimace  was  now  being  taken  up  by  the 
government ;  he  hoped  there  wotdd  soon  be  half  a  dozen  at  work, 
making  these  long  bars  from  10  cwt.  balls.  A  very  clean  ball  he 
thought  would  be  obtained  from  the  furnace,  comparatively  free 
from  cinder,  and  very  much  like  the  Lowmoor  quality ;  this  had 


JCLT.  MECaLJnCAL   PCDDLESG.  279 

been  done,  and  he  did  not  see  why  it  shonld  not  be  done  every  day. 
The  Crampton  furnace  required  less  skill,  less  highly  paid  labour, 
and  less  amount  of  labour  than  the  ordinary  puddling  furnace. 
He  believed  that  the  iron  of  the  South  Staffordshire  district  wotdd 
be  greatly  improved  if  this  furnace  was  adopted. 

Mr.  E.  H.  Caebutt,  referring  to  the  plates  roUed  by  3Ii'.  Heath, 
which  had  been  spoken  of,  said  that  at  those  works  the  metal  was 
made  into  puddled  bars  and  then  piled  for  roRing,  not  made  in  one 
mass. 

Sir  J.  Whitwoeth  remarked  that  if  the  tensile  strensth  were 
given  of  the  various  specimens  exhibited  it  would  add  much  to  their 
interest.  The  ductility  in  the  specimens  shown  spoke  for  itself;  but 
to  judge  of  the  proper  value  of  the  material  its  tensile  strength 
should  be  stated.  In  any  piece  of  iron  and  steel  there  were 
three  things  wanted  to  be  known : — was  it  sound ;  what  was  its 
tensile  strength ;  and  what  was  its  ductility. 

Mr.  A.  Paget  thought  a  considerable  point  as  to  the  probability 
of  the  commercial  success  of  Mr.  Crampton's  plan  was  the  production 
of  wrought  iron  in  the  form  of  a  spongy  mass,  from  which  steel 
coidd  be  made.  He  should  be  glad  also  to  know  whether  with  that 
system  there  was  not  ample  heat  going  up  the  chimney  from  the 
puddling  furnace  to  do  both  the  drying  and  the  grinding  without 
any  cost  whatever  for  heat  or  power.  He  thought,  when  the 
author  had  time  to  turn  his  attention  to  that  point,  he  would  be  able 
to  show  beyond  doubt  that  the  coal  could  be  both  dried  and  ground 
without  a  farthing's  cost  for  power  or  heat. 

!Mr.  F.  J.  Beamwell  hoped  that  Mr.  Head,  who  had  devoted  so 

much  attention  to  the  Crampton  furnaces,  having  had  them  2|  years 
imder  his  observation,  would  give  a  little  more  information  respecting 
their  working.  He  understood  it  was  necessary  to  take  into  account 
the  cost  of  the  miller  and  of  the  drying  of  the  coal  that  had  arrived  by 
railway ;  and  he  should  be  glad  to  know  whether  that  drying  was 
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preparatory  to  the  grinding.  He  furtlier  wislied  to  ask,  what  was, 
according  to  Mr.  Head's  experience,  not  in  a  special  trial  but  in  fair 
working,  the  quantity  of  coal  per  ton  of  puddled-bar  produced ;  and 
what  was  the  yield,  with  equal  fettling,  in  this  furnace  as  compared 
with  hand  furnaces.  He  would  also  ask,  as  the  analyses  of  iron  and 
cinder  in  an  ordinary  puddling  furnace  (worked  by  hand  he  presumed) 
had  been  laid  before  the  meeting  in  so  iuteUigible  a  shape  by  means 
of  the  diagrams  exhibited,  whether  similar  analyses  had  been  made 
with  ii'on  and  cinder  in  a  Crampton  furnace.  In  that  way  perhaps 
it  might  be  possible  to  form  some  opinion  why  it  was  that  the 
Cleveland  pig,  which  in  the  ordinary  mode  of  puddling  did  not  give 
iron  of  very  excellent  quality,  was  apparently,  when  treated  in  one 
of  these  furnaces,  competent  to  make  such  specimens  as  were  here 
exhibited,  that  could  be  cut  up  and  tised  successfully  for  steel 
purposes,  as  described  by  !Mr.  Webb.  If  those  results  were  obtained, 
it  would  be  very  instructive  to  know  why  it  was  that  the  puddling 
mechanically  should  be  so  far  superior  to  that  done  by  hand,  if  it 
were  so ;  and  he  supposed  it  must  be  so,  or  the  products  exhibited 
would  not  be  obtained.  He  should  be  glad  to  know  Mr.  Head's 
opinion  about  laminated  plates,  whether  he  merely  thought  that 
such  plates  were  generally  good  enough,  or  whether  he 
really  preferred  laminated  plates  to  homogeneous  plates ;  also 
whether,  if  he  got  a  large  puddled-ball  of  10  cwt.  and 
wanted  a  10  cwt.  plate,  he  would  cut  up  the  ball  and  pile  it,  or 
make  the  plate  direct  out  of  the  single  ball, 

Mr.  Crampton  having  said  that  care  must  be  taken  to  prevent 
the  formation  of  young  iron,  he  hoped  he  would  also  say  how  that 
was  to  be  prevented. 

With  respect  to  Mr.  Carbutt's  observation  about  the  use  of  steel 
being  held  back  by  the  action  of  the  Board  of  Trade,  Mr.  Carbutt 
was  secretary  to  the  committee  of  the  British  Association  which 
for  two  years  had  urged  the  Board  of  Trade  with  their  representations, 
without  much  effect  at  first ;  but  at  last  they  had  become  so 
troublesome  that  the  Board  of  Trade  had  appointed  one  of  their  own 
officers,  Captain  Tyler,  to  meet  Mr.  Barlow,  the  Chairman,  and  Sir 
John  Hawkshaw  to  discuss  the  question  ;  and  he  hoped  that  after 
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the  return  of  Mr.  Barlow  and  Sir  John  Hawkshaw  from  America, 
and  after  the  lapse  of  sufficient  time  for  discussion  and  then  a  further 
time  for  the  department  to  decide,  a  determination  by  the  Board  of 
Trade  would  be  arrived  at,  which  would  take  away  from  the  steel 
manufacture  of  this  country  the  stigma  now  resting  upon  it  in  not 
being  recognised  as  producing  a  superior  material  to  iron.  It 
appeared  that  the  dictum  of  the  Board  of  Trade  had  been  based  upon 
some  experiments  made  nearly  twenty  years  ago  with  steel  that 
had  been  made  in  puddling  furnaces  without  fusion  ;  and  those 
experiments  had  been  suffered  to  cast  a  slur  upon  steel  made  by 
fusion  processes.  As  however  a  strong  pressure  had  been  brought 
to  bear — thanks  to  the  British  Association,  for  it  had  been  by  the 
action  taken  at  Bradford  that  this  committee  had  been  originated — 
he  believed  a  good  result  would  be  obtained. 

Mr.  Jeremiah  Head  replied  that  the  drying  of  the  coal  for  the 
Crampton  furnace  had  to  be  done  before  the  grinding,  the  fact  being 
that  the  coal  came  perhaps  twenty  miles  by  railway  and  often  wet ; 
there  could  be  no  reliance  upon  its  beiag  dry,  and  it  would  not  do  to 
grind  it  in  a  wet  state.  There  must  be  men  ready  to  spread  it  out 
on  the  drying  floor  if  required,  and  he  fancied  from  what  he  had  seen 
that  di'ying  would  generally  be  required.  The  actual  fuel  used  for 
drying  was  stated  by  Mr.  Crampton  to  be  the  ashes  ;  at  his  own 
works  at  Middlesbrough  it  was  the  ashes  from  the  other  puddling 
furnaces  that  was  used,  so  that  there  was  not  much  expenditure  for 
the  fuel  for  drying,  the  expense  being  merely  for  tipping  ;  but  when 
the  coal  was  tipped  down  on  the  drying  floor  it  often  happened  that 
some  of  the  lumps  had  to  be  broken  up ;  it  had  to  be  spread  out  and 
collected  again  and  fed  into  the  elevator  for  carrying  it  into  the  mill ; 
and  of  course  the  fire  had  to  be  kept  going.  That  was  the  labour 
that  he  had  referred  to  as  attendant  upon  the  drying  of  the  coal. 

With  regard  to  the  statement  that  a  good  puddler  with  an 
unlimited  quantity  of  good  fettling  could  bring  out  at  any  time 
more  iron  than  he  put  into  the  furnace,  it  was  quite  true  that  the 
Crampton  furnace  did  generally,  when  it  was  woi-king  well,  enable 
a  man  to  bring  out  more  than  he  put  in.     So  far  as  the  present 
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experience  had  gone  with  the  furnace  at  his  own  works,  the  yield 
amounted  to  about  6  per  cent,  increase  over  the  weight  of  the  pig 
charged,  and  at  Woolwich  it  was  about  the  same.  But  it  was  found 
necessary  to  use  better  fettling  for  these  furnaces  than  for  ordinary 
furnaces ;  a  good  deal  was  due  to  the  superior  fettling,  and  there 
was  no  doubt  that  the  fettling  which  had  generally  been  used  in  the 
"Woolwich  furnace  was  very  good.  If  good  fettling  were  used,  and 
plenty  of  it,  a  better  yield  would  be  got ;  if  not,  the  result  would 
suffer  in  another  way.  As  yet  no  natural  ore  that  was  easily 
accessible  in  this  country  had  answered  the  purpose  of  fettling  these 
rotary  furnaces  properly;  the  fettling  must  be  made  either  from 
mill  furnaces  with  cinder  bottoms,  or  it  must  be  melted  in  the 
ordinai-y  puddling  furnaces  from  cinder,  slag,  and  bits  of  burnt 
iron,  which  were  always  produced  about  ironworks,  and  even 
sometimes  a  certain  amount  of  mill  cinder  off  sand  bottoms,  but 
that  must  be  freshened  up  by  the  addition  of  scrap  iron.  The 
fettling  thus  obtained  must  be  reduced  to  a  homogeneous  condition 
for  the  puddling  furnace,  for  which  purpose  it  must  be  previously 
melted,  and  the  melting  took  a  deal  of  coal.  Scrap  iron  was  about 
£3  per  ton,  and  as  far  as  he  could  see  there  was  not  much  chance 
of  making  good  fettling  in  that  way,  suitable  for  the  Crampton 
furnace,  under  about  £2  per  ton ;  the  best  mill-tap  cinder  was  not 
to  be  bought  at  any  price  for  the  purpose. 

As  to  how  it  was  that  Cleveland  pig  treated  in  this  way  could 
produce  such  specimens  of  iron  as  those  exhibited,  and  could  not  do 
so  in  an  ordinary  puddling  furnace,  he  could  only  say  iron  was 
iron,  and  if  it  did  not  behave  as  iron  ought  to  do,  it  was  on  account 
of  the  chemical  impurities  with  which  it  was  allied.  If  the 
impurities  could  only  be  got  out  of  it,  it  did  not  matter  where  it 
was  treated  or  how ;  the  iron  then  did  its  duty.  There  was  no 
doubt  that  this  rotary  furnace,  by  the  steady  manner  in  which  it 
worked,  and  by  bringing  a  large  surface  of  good  fettling  in  contact 
with  the  impure  iron,  did  eliminate  the  impurities  to  an  extent 
which  it  was  difficult  to  obtain  with  any  regularity  in  an  ordinary 
puddling  furnace.  He  could  not  say  that  in  an  ordinary  puddling 
furnace,  with  picked  material  and  picked  men  and  carefully  watched, 
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iron  like  the  samples  exhibited  might  not  be  made  in  small  quantities ; 
but  that  was  not  what  was  wanted,  but  on  the  other  hand  large 
quantities  and  uniform  quality. 

With  regard  to  lamination,  the  remai'ks  he  had  made  had  simply 
been  in  reply  to  what  had  been  said  about  the  great  fault  of 
lamination,  which  was  very  manifest  in  rails,  because  after  the 
traffic  had  run  over  them  a  certain  time  they  began  to  split  into 
fibres,  and  to  peel  off;  and  it  was  manifest  even  in  the  flanging  of 
plates,  because  in  the  very  act  of  flanging  it  was  seen  that  the 
plates  began  to  laminate ;  it  was  also  shoAvn  in  angle  irons,  which 
would  split  ofi*  in  the  line  of  the  rivets.  But  in  the  shell  plates  of 
boilers  as  ordinarily  made  it  was  rarely  that  any  lamination  was 
seen  to  be  produced ;  it  did  not  appear  in  the  construction  or 
afterwards ;  and  in  ship  building  it  was  the  same.  Ship  building 
and  shell  plates  of  boilers  were  the  work  for  which  the  great 
majority  of  iron  manufactured  in  the  form  of  plates  was  applied, 
and  the  objection  of  lamination  was  but  little  felt  in  those  cases. 

In  reply  to  the  enquiry  about  making  a  10  cwt.  plate  from  a 
10  cwt.  ball,  if  he  could  have  the  plate  rolled  out  of  a  single  ball  he 
should  prefer  it ;  but  in  the  present  state  of  knowledge  he  doubted 
whether  he  could  not  get  a  better  plate  by  cutting  the  ball  up  and 
piling  it  than  he  should  get  by  rolling  the  plate  out  of  a  single  ball. 
In  Belgium  there  were  a  large  number  of  strips  rolled  in  universal 
rolls  for  the  tops  and  bottoms  of  girders,  not  sheared  sideways  but 
rolled  as  broad  bars  in  a  universal  mill ;  how  little  ill  efiect  the  pihng 
system  had  was  shown  by  the  fact  that  those  were  all  piled.  The 
tops  and  bottoms  of  the  piles  were  made  of  a  number  of  bars  put 
sideways  together,  and  iu  the  finished  bar  it  was  possible  sometimes 
to  trace  the  weld,  but  practically  this  did  not  seem  to  interfere  with 
the  soundness ;  there  was  no  difficulty  in  getting  sound  tops  and 
bottoms. 

The  question  of  the  weight  of  coal  consumed  in  the  Crampton 
furnace  per  ton  of  puddled  bloom  produced  was  one  that  he  could 
not  yet  answer  from  practical  experience;  he  had  not  had  the 
farnace  sufficiently  long  permanently  at  work,  but  he  had  watched 
the  farnace  at  Woolwich  and  believed  at  present  it  was  working  with 
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about  3  cwt.  of  coal  per  hour  with  a  heated  blast,  and  about  5  cwt. 
when  the  blast  was  not  heated ;  those  were  the  figures  given  by- 
Mr,  Crampton  in  the  paper. 

As  to  the  analyses  of  the  iron  and  the  fettling  from  an  ordinary 
furnace,  of  which  the  results  were  shown  in  the  diagrams  that  he 
had  exhibited,  he  had  not  as  yet  made  any  experiments  with  the 
rotary  furnace  as  complete  as  those,  but  he  hoped  to  make  a 
similar  series  before  long,  and  would  communicate  the  results  to  the 
Institution. 

Mr.  E.  A.  CowPER  suggested  that  analyses  would  be  desirable  of 
the  cinder  that  came  out  of  the  rotary  furnace  and  the  cinder  that 
came  out  of  the  hand  furnace,  in  order  to  see  what  good  these  cinders 
had  done,  because  iron  tliat  came  out  of  the  rotary  furnace  was  better 
than  iron  that  came  out  of  the  hand  furnace. 

Mr.  Jeremiah  Head  said  he  had  not  yet  analysed  the  cinder 
that  came  out  of  the  Crampton  farnace ;  but  he  knew  pretty  well 
what  came  out  of  an  ordinary  puddling  farnace,  and  it  varied  of 
course  very  much  according  to  the  impurities  in  the  iron. 

Mr.  T.  Adams  remarked  that  ^Ir.  Crampton  was  not  the  first 
engineer  to  use  dust  fuel,  for  in  1868  dust-fuel  combustion  had  been 
experimented  upon  by  the  American  government,  at  Boston,  where 
he  had  seen  it  at  the  time.  In  that  case  the  coal  was  not  ground 
by  the  primitive  method  of  revolving  stones,  as  for  the  Crampton 
furnace,  but  was  fed  from  a  hopper  into  a  centrifugal  fan  or 
disintegrator,  into  which  air  entered  at  the  two  sides.  So  powerful 
Avas  this  machine  that  it  ground  up  stone  into  dust.  That  plan 
required  no  expense  of  labour  for  feeding  the  furnace,  the  disintegrator 
being  driven  by  machinery,  and  delivering  the  pulverised  coal  direct 
into  the  furnace ;  but  unfortunately  for  the  system  of  combustion, 
which  was  bad,  the  dust  collected  at  the  further  end  of  the  flues, 
beyond  the  furnace,  was  found  to  contain  38  per  cent,  of  pure 
carbon  which  had  never  entered  into  combustion  so  as  to  be  fully 
consumed,  as  it  would  have  been  if  the  combustion  had  taken  place 
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in  the  usual  way  by  distillation,  that  is,  by  putting  the  coal  in  a 
Siemens  furnace  where  there  was  time  for  it  to  be  first  distilled  into 
a  semi-liquid  state  and  then  into  a  gasified  state,  when  it  would  be  in 
a  proper  condition  to  enter  into  combustion.  As  the  coal  fell  down 
from  the  hopper  the  fan  sent  it  immediately  flying  through  the 
furnace  before  it  had  time  to  enter  into  complete  combustion.  The 
coal  was  reduced  by  the  disintegrator  to  something  like  the  size  of 
rough  flour;  but  when  it  was  collected  at  the  further  end  of  the  flues 
it  had  swelled  to  something  like  the  size  of  a  pin's  head. 

Mr.  A.  Shanks  mentioned  that  he  had  sent  over  from  Calcutta  a 
small  quantity  of  Indian  charcoal-pig  iron,  which  had  been  treated 
in  the  Ci'ampton  furnace  at  Woolwich,  and  the  tensile  strength  of  the 
product  obtained  was  about  24  tons  per  square  inch  after  stretching 
about  30  per  cent.  It  was  very  good  iron,  and  very  easily  worked 
in  the  furnace.  He  had  watched  this  system  with  great  interest, 
because  if  iron  was  to  be  made  in  India  it  must  be  made  by  a 
mechanical  process,  the  native  workmen  not  being  strong  enough  to 
manipulate  the  puddling  process  by  hand. 

Mr.  C.  W.  Siemens  said  he  could  entirely  endorse  the  remarks 
that  had  been  made  by  Mr.  Head ;  the  question  of  mechanical 
puddling  was  mainly  one  of  fettling,  and  if  fettling  of  sufficient 
resisting  power  could  be  obtained  in  any  quantity,  he  had  no  doubt 
that  a  furnace  such  as  that  of  Mr.  Crampton  would  produce  very 
excellent  results.  He  hoped  that  this  question  of  fettling  would 
reduce  itself  to  a  mere  question  of  expense,  which  would  very  likely 
be  compensated  by  advantages  of  great  importance.  Amongst  the 
diagrams  exhibited  of  other  mechanical  puddling  furnaces  was  one 
representing  his  own  plan  of  1871 ;  and  having  directed  his  attention 
to  rotary  furnaces  for  a  number  of  years,  his  object  had  been  rather 
to  go  in  a  short  road  from  the  ore  to  the  bar  than  to  accomplish  the 
ordinary  process  of  puddling.  In  the  neighbourhood  of  Birmingham 
he  had  some  furnaces  at  work  in  which  malleable  iron  was  produced 
from  the  ore  direct ;  and  the  furnace  which  he  employed  for  the 
purpose,   and   which    was   represented   in   the   diagram   exhibited, 
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differed  from  the  Crampton  furnace  chiefly  in  this,  that  the  fuel  was 
converted  into  a  gaseous  condition,  whereas  in  the  Crampton  furnace 
it  was  employed  in  the  form  of  an  impalpable  powder.  Which 
system  would  be  the  best  for  puddling  he  did  not  wish  to  say  ;  after 
all,  the  difference  in  principle  was  not  so  very  great.  He  was 
engaged  with  Mr.  Lloyd  in  some  experiments  on  a  practical  scale 
which  were  going  on  in  regard  to  puddling  N'orthamptonshire  ore ; 
and  an  analysis  which  had  been  made  of  the  iron  produced  certainly 
showed  that  there  was  the  means  of  eliminating  or  rather  of  avoiding 
the  entrance  of  phosphorus  and  sulphur  into  u-on  almost  entirely ; 
ultimately  he  believed  success  would  be  attained  in  dealing  with  the 
ore  direct.  Whereas  in  puddling,  a  material  had  to  be  dealt  with 
which  had  a  great  deal  of  impui'ity  put  into  it  in  the  blast  furnace, 
he  wished  to  avoid  this  impurity,  and  to  prevent  its  entrance  into 
the  mass  of  metal.  In  other  words,  in  the  blast  furnace  nearly  the 
whole  of  the  phosphorus  and  a  great  deal  of  the  sulphur  entered 
into  combination  with  the  metal,  because  the  reducing  action  in  the 
blast  furnace  was  very  great ;  whereas  in  the  ore-puddling  furnace, 
as  it  might  be  called,  the  phosphorus,  which  was  in  an  oxidised 
condition  in  the  ore,  remained  in  the  oxidised  condition,  and  could 
not  enter  into  combination  with  the  iron  because  it  was  never  bi'ought 
from  the  impure  to  the  pure  condition.  Hence  from  an  ore  which 
contained  2o0  per  cent,  of  phosphoric  acid  was  obtained  an  iron 
containing  9970  per  cent,  of  metallic  iron,  0*05  to  006  per  cent,  of 
silicon,  and  less  than  0"10  per  cent,  of  phosphorus.  This  and 
further  analyses  which  had  also  been  made  would  he  thought  show 
that  even  this  small  percentage  of  phosphorus,  less  than  1-lOth 
per  cent.,  was  generally  contained  in  the  slag  mixed  with  the  iron  in 
the  ore-puddling  furnace,  and  not  in  the  iron  itself.  These  questions 
had  now  been  taken  up  in  various  ways,  and  he  hoped  to  see  a 
solution  of  the  great  problem  of  mechanical  puddling  arrived 
at.  There  was  no  doubt  that  if  mechanical  puddling  were  once 
accomplished  in  such  a  way  as  to  avoid  the  inconveniences  which 
had  been  met  with  hitherto,  and  which  consisted  chiefly  in  keeping 
the  apparatus  in  good  order,  and  in  keeping  good  fettling  or  good 
lining  in  the  furnace,  a  point  would  have  been  arrived  at  where  the 
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ordinary  puddling  work,  not  fit  for  any  human  being,  would  be  done 
away  with.  In  the  Crampton  furnace  an  improvement  had  been 
made  which  got  over  the  difficulty  that  had  been  encountered  with 
the  Danks  furnace  and  other  attempts,  by  introducing  a  water 
casing  ;  that  was  no  doubt  a  very  good  thing.  In  puddling  ore  there 
was  rather  less  difficulty  with  regard  to  the  fettling,  because  the 
charge  remained  solid  until  the  veiy  end  of  the  operation  and  there 
was  consequently  less  time  of  contact  between  the  lining  and  fluid 
slag.  Hitherto  he  had  not  resorted  to  similar  means,  but  in  the 
Crampton  furnace  no  doubt  it  was  a  matter  of  great  importance  to 
have  this  water  covering. 

The  percentage  of  the  yield  depended  a  great  deal  on  the  richness 
of  the  ore.  From  rich  ore  nearly  the  whole  of  the  iron  could  be 
obtained,  because  the  cinder  remaining  was  consolidated  and  formed 
the  bottom  of  the  furnace ;  but  in  dealing  with  poor  ore,  such  as 
Northamptonshire  ore,  so  good  a  result  could  not  be  obtained ;  still, 
even  from  this  ore,  a  yield  of  75  to  80  per  cent,  of  the  whole 
quantity  of  metal  in  the  ore  had  been  obtained  in  the  ore-puddling 
furnace. 

Mr.  Crampton  said  that  in  the  paper  which  had  been  read  his 
intention  had  not  been  to  enter  into  the  practical  working  of  the 
rotary  furnace  as  regarded  the  fettling  and  the  various  qualities  of 
iron  that  might  be  produced  from  it ;  he  had  assumed  that  was 
beyond  question.  So  much  had  been  done  by  Mr.  Danks  and 
others  with  regard  to  the  action  of  revolving  furnaces  in  producing 
good  material,  that  he  had  not  wished  to  lengthen  the  paper  by 
dwelling  upon  a  question  which  he  and  many  others  believed  had  been 
solved,  particularly  with  regard  to  fettling.  If  it  were  true,  as  was 
unquestionably  the  case,  that  such  bars  as  those  now  exhibited  to 
the  meeting  were  produced  from  Cleveland  pig  with  8  cwt,  of 
fettling  per  ton  of  pig,  it  mattered  little  what  was  the  cost  of  the 
fettling ;  no  one  would  ever  think  of  using  inferior  fettling  when 
the  best  could  be  obtained.  Taking  the  case  of  its  being  made  from 
scrap  iron  which  had  to  be  bought,  and  supposing  the  fettling  cost 
£2  per  ton,  experience  showed  that  more  than  half  the  ii*on  that 
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was  iu  the  fettling  could  be  got  back  from  it ;  and  tlierefore,  if  the 
iron  was  worth  £6  or  £7  per  ton,  that  would  give  a  good  profit. 
The  fact  that  a  lot  of  rubbish  in  the  way  of  fettling  could  be  got 
at  a  cheap  rate  in  that  and  other  ironmaking  districts  was  no  reason 
for  it  to  be  used.  The  result  of  using  inferior  fettling  was  that 
from  5  to  10  per  cent,  of  the  iron  that  ought  to  be  obtained  was 
lost ;  that  was  partly  due  to  the  fettling  and  a  great  deal  to  the  bad 
manipulation ;  the  value  of  the  fettling  was  also  lost.  But  what 
had  been  proved  beyond  question  he  thought  was  that  first-rate 
fettling,  which  would  cost  £2  per  ton,  with  mechanical  puddling 
would  produce  98  per  cent,  of  such  iron  as  the  samples  exhibited, 
from  100  of  pig  charged.  At  Woolwich  experiments  had  been 
made  in  which  as  much  as  104  per  cent,  of  finished  bar  iron  had 
been  obtained  from  100  of  pig  iron.  He  did  not  know  what 
amount  of  fettling  had  been  used  in  that  case;  no  doubt  there 
was  more  than  8  cwt.  per  ton.  Supposing  then  that  scrap  iron  had 
to  be  put  in  to  make  good  fettling,  under  those  circumstances  it  was 
good  economy  to  use  the  very  best  that  could  be  obtained. 

He  was  very  glad  to  find  that  Mr.  Walker,  the  father  of 
mechanical  puddling,  was  present;  very  great  service  had  been 
done  in  this  matter  by  him  and  his  friends,  and  he  was  very  glad 
that  they  had  made  the  move  they  did  in  starting  it.  It  appeared 
that  certain  good  results  had  been  obtained  by  Mr.  Walker,  but 
cold-short  iron  had  been  produced ;  there  was  in  fact  too  much  of 
the  brick  lining  in  the  ii'on. 

With  regard  to  Mr.  Spencer's  furnace,  the  second  one  made  did 
not  go  to  pieces  quite  so  fast  as  the  first ;  but  there  was  no  doubt 
that  the  second  was  still  an  impracticable  one,  mechanically  at 
least,  from  his  own  point  of  view.  There  had  been  no  mode  of 
keeping  it  true  in  shape  during  working,  and  he  had  seen  pinions 
of  3  in.  pitch  with  the  teeth  broken,  on  account  of  the  power 
required  to  drive  it  being  so  excessive,  and  so  much  out  of  truth. 
It  cracked,  and  went  to  pieces ;  but  there  was  no  doubt  it  did 
remarkably  good  work  while  it  lasted.  Balls  of  28  cwt.  all  in  one 
piece  had  been  made  ;  they  were  broken  up  into  three  or  four  pieces 
or  more,  the  iron  produced  being  extremely  good.    Mr.  Spencer  had 
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also  followed  his  predecessors  iu  the  question  of  the  fettling,  by 
putting  it  in  melted. 

The  idea  of  using  the  best  tap  cinder  for  fettling  had 
originated  he  believed  with  Mr.  Edward  Williams,  as  had  been 
mentioned  at  the  Paris  Meeting  of  the  Institution  in  1867,  and  also 
with  Mr.  E.  Riley,  who  had  stated  that  the  mill-tap  cinder  was  the 
best  matei-ial ;  and  so  it  tux-ned  out  to  be.  "When  liquid  cinder 
bottoms  wei'e  used,  the  liquid  cinder  tapped  out  was,  when 
convenient,  poured  into  the  puddling  furnace  to  repair  it;  the 
principle  of  using  liquid  fettling  was  not  new,  but  it  was  a  very 
good  way  of  re-fettling  a  furnace  after  wear. 

The  question  of  analysis  was  one  that  he  had  not  gone  into  in  the 
paper,  because  he  conceived  that  all  such  matters  were  practically 
settled  already  as  regarded  the  product  obtained  fi'om  the  rotary 
furnace;  his  view  was  that  everything  was  now  solved  except  the 
mechanical  problem.  All  the  excellent  samples  exhibited  were 
absolutely  useless,  unless  the  machine  which  had  produced  them 
could  go  night  and  day,  so  as  to  realise  the  full  results.  In  now 
bringing  this  furnace  forward  for  the  consideration  of  the  Institution, 
he  himself  did  not  know  how  to  improve  it ;  taking  the  Woolwich 
furnace  as  it  stood,  he  could  not  see  what  to  do  to  improve  it.  He 
had  asked  the  highest  practical  authorities  who  had  seen  the  furnace, 
what  alteration  was  required  to  make  it  a  practical  tool;  and 
having  received  no  suggestions  and  heard  no  complaints  as  to  its 
mechanical  structure,  he  concluded  that  no  practical  objection  could 
be  discovered  to  the  furnace  as  it  stood  for  use  in  common  ironworks. 
It  had  now  been  woi'ked  for  2|  years  intermittently.  It  was 
frequently  started  from  the  cold  furnace,  and  in  three  hours  a  10  cwt. 
ball  was  turned  out  ready  for  the  hammer.  It  only  took  three 
quarters  of  an  hour  to  get  the  furnace  to  a  white  heat  with  4  cwt. 
of  coal;  that  was  done  every  morning.  The  edge  or  lip  of  the 
revolving  vessel,  which  was  the  great  difficulty  where  high 
temperatures  were  employed  in  other  revolving  furnaces,  had  given 
no  trouble  in  this,  as  it  was  self-fettled ;  and  the  body  of  the 
fluepiece,  the  carrying  rollers,  and  the  other  wearing  parts  were  as 
good  now  as  they  were  when  first  put  in,  and  the  joint  face  continued 
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perfectly  true  and  in  good  order.  He  came  therefoi*e  to  the 
conclusion  that  engineers  and  ironmasters  had  no  objections  to  make 
■with  resrard  to  the  construction  of  the  furnace  as  worked  at 
Woolwich  ;  some  little  deviations  from  the  Woolwich  plan  that  had 
been  made  in  other  furnaces  had  been  thought  to  be  improvements, 
but  were  really  found  not  to  be  so.  The  cost  of  the  furnace  depended 
upon  the  size  and  upon  a  variety  of  circumstances  ;  but  it  might 
be  taken  that,  if  new  plant  had  to  be  put  down,  it  would  cost 
considerably  less  to  turn  out  a  given  quantity  of  iron  with  the 
revolving  system  than  with  the  ordinary  hand  puddling. 

It  had  been  intimated  by  Mr.  Head,  who  was  himself  a  plate 
maker,  that  plates  could  be  made  as  good  from  a  pile  of  pieces 
as  from  a  single  large  bloom  ;  and  it  was  thought  by  him  that  with  a 
single  large  bloom  there  were  certain  surface  defects  which  he  had 
pointed  out,  and  which  he  (Mr.  Crampton)  had  only  seen  very  lately, 
that  would  interfere  with  the  sale  of  the  plates.  But  these  surface 
defects  had  really  no  effect  upon  the  value  of  the  plate  itself  or  upon 
its  strength ;  it  was  he  thought  a  mere  question  of  proper  rolling. 
The  samples  exhibited,  which  had  not  been  made  by  himself,  but  in 
the  ordinary  course  of  work  without  reference  to  any  consideration 
except  that  of  making  good  material,  showed  the  great  superiority 
of  the  material  produced  by  the  rotary  furaace  over  that  produced 
by  hand  puddling.  The  specimens  of  plates  exhibited,  rolled  from 
single  blooms,  were  quite  equal  in  quality  to  the  best  Yorkshire 
plates ;  some  of  the  samples  had  been  planed  down  to  the  interior, 
polished,  and  etched  with  acid,  and  on  examination  with  a 
magnifying  glass  the  iron  was  seen  to  be  homogeneous  and  almost 
as  pure  as  cast  steel,  whereas  the  best  Yorkshire  or  other  plates 
were  full  of  cinder.  It  might  be  good  to  have  cinder  in  the 
iron,  but  he  did  not  think  it  was;  important  purchasers  of  plates 
had  determined  to  have  no  laminated  plates  if  they  could  get 
homogeneous  ones. 

In  reference  to  the  analyses  given  by  Mr.  Head,  he  might  remark 
that  the  best  cold-blast  iron  he  had  tried  was  from  Sweden,  and 
from  India  mentioned  by  Mr.  Shanks ;  and  he  had  also  tried 
various  irons  in  this  country,  both  bad  and  good,  and  in  no  case  did 
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the  best  cold-blast  iron  give  better  results  than  the  Cleveland  pig. 
There  was  no  better  steel  made  than  the  specimens  exhibited 
produced  from  Cleveland  pig  containing  1-3  per  cent,  of  phosphorus; 
and  the  sample  of  iron  wire  drawn  out  to  No.  28  gauge  was 
as  good  as  any  that  was  made ;  no  better  tin-plate  could  be 
produced  than  the  sample  exhibited,  made  from  common  Cleveland 
pig.  In  his  own  experience  he  had  found  no  iron  produced 
was  better  than  that  made  in  the  rotary  furnace  from  common 
Cleveland  pig.  Referring  to  Mr.  Head's  diagram  showing  the 
analysis  of  the  iron  in  a  puddling  furnace,  it  was  seen  that  the  great 
mass  of  the  material  was  pure  iron,  and  all  the  impurities  were 
contained  in  the  little  corner  of  the  diagram.  If  a  similar  diagram 
were  di'awn  out  for  Cleveland  pig  or  any  other  pig,  and  were  put  side 
by  side  with  the  one  exhibited,  scarcely  any  diflPerence  would  be 
perceived,  and  it  would  be  impossible  to  tell  by  looking  at  them 
which  was  good  or  which  was  bad  iron ;  the  small  percentage  of 
inferior  matter  in  excess  in  one  over  the  other  would  hardly  be 
perceptible.  Therefore  if  that  small  corner  of  the  diagram  were 
eliminated,  there  remained  the  best  iron,  no  matter  what  name  it 
might  go  by.  It  must  therefore  not  be  considered  sui-prising  that 
bad  pig  could  be  made  into  good  iron ;  it  was  a  mere  question  of 
getting  out  the  impurities. 

The  impurities  were  eliminated  from  the  pig  in  this  furnace  better 
than  in  other  puddling  furnaces  because  there  were  two  important 
elements  gained  by  the  system.  There  was — what  all  revolving 
furnaces  had — a  perfectly  homogeneous  a,ction  in  eliminating 
impurities ;  and  what  was  of  equal  importance,  there  was  absolute 
power  of  regulating  the  quantity  and  quality  of  the  flame.  When 
it  was  considered  that  iO  cwt.  balls,  ready  to  be  discharged,  had 
been  kept  in  the  furnace  for  two  hours  exposed  to  the  full  heat 
without  wasting  the  iron,  it  would  be  seen  that  there  was  complete 
power  of  regulating  the  flame  so  as  not  to  produce  oxidation.  It 
was  not  possible  for  any  of  the  dust  coal  or  the  dirt  contained  in  it 
to  enter  the  iron ;  the  coal,  should  it  touch  the  iron,  was  consumed, 
and  the  dii't  melted  into  slag.  Coal  containing  20  per  cent,  of  ash 
had  no  practical  injurious  effect  on  the  iron ;  this  had  been  watched 
with  the  utmost  care. 
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He  agreed  with  Mr.  Carbutt  in  thinking  well  of  steel ;  and  he 
believed  it  would  play  the  part  of  iron  in  a  great  many  cases — 
indeed  in  nearly  all  cases,  unless  ironmakers  made  better  material 
in  general  than  at  present.  That  was  one  of  the  reasons  why  he  had 
brought  this  paper  forward  :  ho  desired  to  show  that  with  proper 
puddling  it  was  possible  to  make  in  a  cheap  manner  with  a  single 
large  bloom  articles  equal  to  the  best  now  produced.  If  this  could 
be  done,  there  was  a  future  for  iron  where  steel  could  not  be  made 
cheaper.  But  if  steel — melted  material — could  be  made  cheaper, 
and  could  be  welded  and  treated  in  all  respects  as  wrought  iron  had 
been,  then  iron  must  give  way  to  it. 

As  to  the  manipulation  of  these  large  blooms,  there  was  not  any 
difficulty  about  it.  The  specimens  exhibited  of  pieces  of  plates  had 
been  made  from  8  cwt.  and  10  cwt.  blooms,  and  he  considered  were 
equal  to  anything  produced  in  Yorkshire.  These  had  not  been 
results  obtained  from  isolated  experiments ;  some  of  these  blooms 
had  been  selected  out  of  hundreds  of  tons,  and  had  been  rehammered 
and  rolled  off  into  plates  ;  and  the  same  was  the  case  with  the 
armour-plate  bolts  exhibited.  There  was  no  difficulty  in  cutting  up 
these  large  blooms,  if  desired  ;  there  were  appliances  for  cutting  up  a 
10  cwt.  bloom  into  a  dozen  pieces  without  any  difficulty ;  but  this 
new  system  of  working  10  cwt.  or  20  cwt.  blooms  could  not  be  taken 
into  small  works  with  small  plant.  There  must  be  hammers  large  ^ 
and  heavy  enough  to  deal  with  such  large  masses,  and  the  present 
system  would  have  to  be  changed  up  to  a  certain  point.  If  necessary, 
as  had  been  mentioned,  the  ball  could  be  cut  into  pieces  in  the 
furnace  itself ;  of  course  large  balls  could  not  be  manipulated  with 
small  machinery,  but  small  furnaces  could  be  constructed  to  puddle 
small  charges  to  suit  any  works,  though  the  economy  in  production 
would  be  less. 

"With  regard  to  the  cost  and  quality  of  the  fettling,  he  considered 
it  hardly  mattered  what  the  cost  was,  because,  as  already  pointed 
out,  even  in  the  use  of  the  most  expensive  fettling  that  could  be 
employed  there  was  a  safe  profit.  With  regard  to  the  quality  of  the 
fettling,  a  pertinent  remark  had  been  made  by  Mr.  Cowper;  there 
was  no  doubt  the  first  workers  with  revolving:  furnaces  had  the  notion 
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to  make  fettling  that  would  permanently  stand;  but  the  question 
was  not  quite  understood  at  the  time.  That  had  unfortunately- 
been  the  view  taken  in  Mr.  Menelaus'  experiments ;  and  he 
believed  that,  if  during  those  experiments  it  had  occurred  to  him 
that  the  lining  must  necessarily  be  repaired  now  and  then,  he 
would  have  solved  the  question,  as  he  used  materials  suited  for  the 
purpose.  It  had  been  thought  then  that  the  fettling  was  to  last 
permanently ;  but  the  matter  had  not  been  suflBciently  investigated 
to  iind  that  it  could  be  repaired  without  any  inconvenience,  as  was 
now  done. 

With  regard  to  the  very  good  iron  made  at  Mr.  Heath's  works  by 
means  of  the  Danks  furnace,  he  had  himself  been  there  two  or  three 
times  and  had  seen  what  was  being  done ;  and  there  was  no  doubt  that 
the  greatest  attention  had  been  given  to  the  subject  for  a  considerable 
time  by  the  manager,  Mr.  Prior,  in  endeavouring  to  keep  those 
furnaces  going ;  but  of  course  it  was  hopeless  ;  no  machinery  could 
for  a  long  period  stand  where  it  was  subject  to  a  white  heat  inside 
with  nothing  to  protect  it  effectually  on  the  outside. 

The  ductility  of  the  material  produced  from  the  dust-fuel  furnace 
was  an  important  point.  In  many  instances  the  product  of  the 
furnace  had  been  a  sort  of  puddled  steel,  having  a  tensile  strength 
up  to  28  tons  per  sq.  in.,  the  metal  elongating  20  per  cent, 
before  it  broke.  But  for  common  purposes  his  impression 
was  that  the  plates  ordinarily  produced  from  the  rotary 
furnace,  having  about  20  tons  per  sq.  in.  tensile  strength,  and 
stretching  about  30  per  cent.,  would  be  far  superior  in  practical 
working,  where  they  had  to  be  punched,  in  comparison  with  plates 
that  would  stand  24  tons  tension  per  sq.  in.  and  only  stretch 
10  or  15  per  cent.  He  had  made  a  series  of  experiments  with 
punched  and  riveted  plates,  using  all  the  best  classes  of  iron  in  the 
country,  the  best  Yorkshire,  and  the  homogeneous  material  from  the 
rotary  furnace;  and  in  the  best  Yorkshire  plates  the  deterioration 
caused  by  punching  reduced  the  tensile  strength  from  22  tons  per 
sq.  in.  to  16  tons ;  but  under  the  same  conditions  the  homogeneous 
plates  with  a  tensile  strength  of  20|  tons  per  sq.  in.  lost  only  1|  ton 
per  sq.  in.  by  punching,  in  consequence  of  their  ductility.    The  value 
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of  a  plate  under  ordinary  conditions  did  not  depend  upon  its  ultimate 
strength,  but  upon  its  strength  when  worked  up  in  any  structure. 
The  ductihty  of  the  homogeneous  metal  was  also  shown  by  the 
extraordinary  specimen  of  the  armour-plate  bolt  broken  by  impact, 
which  had  stretched  50  per  cent,  before  breaking  and  had  been 
reduced  70  per  cent,  in  area.  His  belief  was  that  no  snch  ductile 
iron  had  ever  been  previously  manipulated. 

The  cost  of  drying  the  fuel  for  grinding  was  a  secondary 
consideration,  especially  if  there  were  ashes  in  the  works  which 
had  to  be  used  up.  There  was  always  plenty  of  waste  heat  from 
the  rotary  furnace,  not  only  to  give  steam  and  heat  the  air,  but  also 
to  dry  the  coal,  which  was  brought  in  trucks  and  need  not  be 
touched  by  hand  any  more. 

With  reference  to  the  American  experience  in  regard  to  dust-fuel, 
he  had  tried  not  only  American  anthracite,  but  charcoal  and  almost 
every  kind  of  fuel,  and  had  very  recently  been  using  coal  with 
20  per  cent,  of  dirt  in  it,  with  which  he  had  obtained  excellent 
heats.  As  to  anything  Hke  dirt  or  unconsumed  material,  there 
was  not  a  particle  remaining  from  the  rotary  furnace ;  the  fuel  all 
went  into  perfect  combustion.  The  combustion  took  place  close  to 
the  bloom  in  the  furnace.  There  had  been  he  supposed  2000  tons 
of  coal  through  the  "Woohvich  fui'nace,  and  no  inconvenience 
whatever  had  been  experienced  in  the  shape  of  oxidation  or  from 
unconsumed  dust  accumulating.  Sufficient  temperature  could  be 
obtained  with  dust-fuel  to  melt  wrought  iron,  as  shown  by  the 
specimen  exhibited  of  wrought-iron  shavings  which  had  been 
fused  together  in  an  hour ;  that  would  require  the  combustion  of 
the  coal  to  be  nearly  perfect  and  regular  to  accompHsh  this. 

With  respect  to  the  Indian  iron  sent  over  by  Mr.  Shanks,  there 
appeared  to  be  no  difference  between  that  pure  iron  and  others,  as 
regarded  the  product  obtained  from  the  rotary  furnace.  The  direct 
process  carried  out  in  Mr.  Siemens'  ore-puddling  furnace  was  he 
thought  in  the  right  direction ;  and  he  understood  from  Mr.  Shanks 
that  in  some  districts  in  India  malleable  iron  was  being  made  direct 
from  the  ore  by  putting  charcoal  with  rich  ore  into  one  of  the  small 
native  smelting  furnaces,  and  the  bloom  obtained  from  it  was  then 
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heated  to  a  high  temperature  in  a  charcoal  furnace,  and  then 
hammered  out,  producing  a  remarkably  pure  and  clear  iron.  That 
was  he  supposed  the  process  now  carried  out  in  making  iron  in 
India ;  and  if  necessary  it  could  be  done  in  the  rotary  dust-fuel 
fui'nace. 

The  President  desired  to  draw  attention  to  one  or  two  points, 
if  not  for  their  immediate  bearing  upon  the  paper  now  under 
consideration,  yet  for  their  relation  to  matters  connected  with  this 
great  and  important  subject.  For  somewhat  more  than  forty  years 
the  attention  of  manufacturers  of  iron  had  been  directed  rather 
to  the  production  of  large  quantities  than  to  the  production  of 
iron  of  excellent  quality.  The  consequence  had  been  that  the 
users  of  that  ix'on  had  not  been  able  to  depend,  with  that 
precision  which  was  necessary  for  constructive  purposes,  on  the 
strength  of  the  material  which  they  had  had  to  employ.  It 
might  be  that  nine  pieces  out  of  ten  used  in  an  important 
structure  might  come  up  to  the  strength  which  the  engineer  had 
calculated  upon,  but  then  the  tenth  might  altogether  fail; 
and  as  the  strength  of  a  structure  was  only  that  of  its  weakest 
part,  the  result  was  that  a  failure  took  place  or  some  disaster, 
or  disappaintment  of  a  serious  character  ensued.  The  effect 
had  ultimately  been  not  merely  to  occasion  distrust  at  home, 
but  what  was  still  worse  to  occasion  distrust  abroad ;  and  no  one 
could  help  seeing  that  other  nations,  who  probably  would  never  have 
thought  of  entering  into  competition  with  this  country,  had  been 
driven  to  manufacture  their  own  materials,  as  he  knew  by  expei'ience 
in  a  number  of  continental  and  other  countries  to  be  actually  the  case, 
because,  as  they  said,  they  could  not  depend  upon  the  quality  of  the 
iron  received  from  England.  He  thought  it  was  of  national 
importance  that  distrust  should  be  removed  ;  and  he  was  very  glad 
to  find  that  Mr.  Crampton  and  Mr.  Siemens  and  many  other 
gentlemen  were  now  directing  their  attention  to  this  subject  and 
working  in  the  direction  of  impi-ovement.  This  country  possessed 
enormous  mineral  resources  of  various  kinds,  and  it  happened 
with  regard  to  the  ii'on  trade,  that  usually,  though  not  invariably, 
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coal  and  ironstone  were  to  be  found  almost  in  proximity  to 
each  other ;  but  unfortunately  the  ironstone  was  not  always  of 
the  most  suitable  quality,  and  in  one  case  which  had  been  very 
much  alluded  to  in  the  course  of  this  discussion  the  ironstone 
contained  a  remarkable  amount  of  a  most  important  impurity, 
namely  phosphorus,  in  the  state  no  doubt  of  phosphoric  acid. 
As  a  plain  illustration  of  that  condition  of  the  ore,  which 
afterwards  became  the  condition  of  the  iron,  he  would 
mention  that  a  ton  of  iron  was  about  5  cub.  ft,,  or  a  cube  with 
sides  of  rather  more  than  20  in.  length.  As  it  was  the  general 
custom  to  view  the  chemical  composition  of  solid  substances  by 
percentages  of  weight  and  not  by  bulk,  it  might  be  a  matter  of 
surprise  to  find  that  whilst  a  ton  of  iron  only  occupied  a  cube 
of  20  in.,  the  quantity  of  phosphorus  contained  in  that  iron, 
supposing  it  to  amount  to  1*3  per  cent,  by  weight,  occupied 
a  cube  of  nearly  8  in.,  or  a  sphere  of  10  in.  diameter;  to  many 
ironmakers  that  fact  had  perhaps  not  presented  itself  in  that 
particular  form.  Now  the  quantity  of  phosphorus  which  remained 
in  the  iron  as  it  came  from  the  blast-furnace  exercised  a  most 
important  influence ;  it  gave  that  peculiar  quality  to  wrought  iron 
which  was  called  cold-short.  But  it  did  more  than  that ;  turning 
for  a  moment  to  the  question  of  pig  iron,  the  phosphorus  in  pig 
cast  into  water  pipes  was  occasionally  found  in  the  water  which 
passed  through  those  pipes.  If  it  happened  to  be  peculiarly  soft 
water,  or  water  which  contained  organic  matter  and  which  remained 
stagnant  in  the  dead  ends  of  those  pipes,  the  water  became 
most  offensive,  and  gave  rise  to  great  complaints  in  the  case 
of  water  companies  who  happened  to  have  that  particular  character 
of  water  to  deliver,  and  whose  pipes  were  cast  from  that  particular 
character  of  iron.  It  was  therefore  of  the  utmost  importance,  both 
as  regarded  cast  ii'on  for  many  purposes  and  also  as  regarded 
wrought  iron  for  all  purposes,  that  the  phosphorus  should 
be  removed.  But  then  there  was  another  evil  of  this 
phosphorus,  namely  that  according  to  the  present  method 
of  manufacturing  steel  by  the  Bessemer  process  the  phosphorus 
was    not    removed;    it    remained    in    the    so-called  steel,   and   it 
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prevented  the  iron  from  assuming  the  character  of  that  kind  of  steel 
which  ought  to  be  attained,  namely  a  cheap  steel  of  reliable  quality 
by  the  first  process  of  conversion.     What  Mr.  Crampton  had  done 
would  he    believed    lead    to    many  most  important  considerations 
and  to  valuable  results  in  respect  to  the  removal  of  phosphorus; 
and  perhaps  to  the  future  ability  to   make  Bessemer  steel  from 
a  material  from  which  it  could    not  now  be  manufactured.     He 
believed  that  the  effect  was  to  a  great  extent  a  chemical  one ;  that 
was  a  point  that  he  thought  had  not  yet  been  adverted  to.     Both  by 
the  Siemens  and  by  the  Crampton  furnace  the  fuel  was  converted 
into  a  hydro-carbon  gas,  and,  as  it  appeared  to  him,  that  gas  was 
farther  decomposed  in  the  process,  the  carbon  assuming  probably  the 
form — certainly  ultimately — of  carbonic  acid  gas,  and  the  hydrogen 
taking  up  the  phosphorus  in  the  form  of  phosphoreted  hydrogen, 
thereby  leaving  the  metal  pure.     Now  it  had  occurred  to  him  that, 
if  that  were  so,  probably  the  purification  of  the  iron  might  take  place 
in  the  Bessemer  converter  by  blowing  the  hydro-carbon  gas  through 
the  metal  in  its  melted  state,  at  all  events  for  a  time,  but  whether  in 
the  first  instance  or  secondly  would  be  matter  for  determination  by 
trial ;    for  if,  as   he   believed,  it  did  form  phosphoreted  hydrogen, 
then  that  pernicious  ingredient  phosphorus  would  by  that  process  be 
removed.     The  so-called  water-gas  consisting  chiefly  of  hydrogen 
might  also  be  tried  with  some  probability  of  success. 

But  with  regard  to  these  two  gas-producers,  the  Siemens  and 
the  Crampton,  it  certainly  did  appear  to  him — leaving  out  of  view 
the  rolling  apparatus  for  the  production  of  the  bloom,.and  considering 
only  the  production  of  the  gas — that  the  Siemens  apparatus  would 
produce  the  purer  flame  ;  because  in  the  other  case  the  raw  coal 
itself  with  all  the  impurities  which  were  contained  in  it  was  blown 
into  the  furnace,  while  by  the  Siemens  process  nothing  was  carried 
in  but  the  pure  gaseous  materials  themselves.  On  that  ground  he 
thought  it  would  ultimately  be  found  that  for  the  production  of  a  very 
pure  material  the  Siemens  gas  furnace  would  probably  turn  out  to  be 
preferable  to  the  Crampton  dust-fuel  furnace.  He  thought  it 
desirable  that  some  experiments  should  be  made  in  the  direction 
thus  indicated ;  and  he  hoped  the  results  would  be  communicated  to 
the  Institution  at  a  future  meeting. 
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He  proposed  a  vote  of  thanks  to  Mr.  Crampton,  which  was 
passed,  for  his  paper  and  for  the  extensive  and  interesting  series 
of  specimens  he  had  exhibited. 


A  portion  of  the  above  discussion  took  place  on  Wednesday, 
19th  July. 


The  Adjourned  Meeting  was  held  in  the  Midland  Institute 
lecture  theatre,  Birmingham,  on  Wednesday,  19th  July,  1876; 
Thomas  Hawksley,  Esq.,  President,  in  the  Chair. 

The  following  paper  was  read : — 
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ON  THE  Mc  CARTER  CONDENSER  WITHOUT  AIR-PUMP 
FOR  STEAM  ENGINES. 


By  Me.  FRANCIS  PRESTON,  op  Hudderspield. 


The  Air-Pump  and  Condenser  combined,  in  1 765,  by  either  James 
Watt  or  Gainsborough,  and  successfully  introduced  by  James  Watt, 
have  undergone  very  little  modification  since  they  first  left  his 
workshop.  The  few  alterations  that  have  been  introduced  have  in 
no  essential  altered  the  principle  or  general  arrangement.  Many 
attempts,  with  varied  success,  have  been  made  to  introduce  a 
condenser  without  an  air  pump.  The  writer  believes  there  has  been 
no  successful  application  of  a  condenser  without  the  aid  of  an  air 
pump,  and  capable  of  lifting  its  own  injection  water,  previous  to  the 
one  now  forming  the  subject  of  this  paper. 

The  late  John  Mc  Carter,  of  Londonderry,  was  the  inventor  of 
the  condenser  that  forms  the  special  subject  of  the  present  paper, 
and  he  made  further  improvements  in  subsequent  years  for  perfecting 
his  original  invention.  Unfortunately  he  has  not  lived  to  reap  the 
merited  reward  of  his  beautiful  and  simple  invention,  having  died 
last  year  just  at  the  time  when  his  invention  was  beginning  to  be 
practically  appreciated.  Mc  Carter's  invention  takes  as  a  basis  the 
ordinary  condenser  and  adheres  pretty  much  to  the  present 
recognised  proportion,  admitting  the  exhaust  steam  and  the  injection 
water  in  the  usual  way.  To  dispense  with  the  air  pump  is  the 
object  he  had  in  view,  and  to  substitute  a  simpler  and  less  costly 
mode  of  discharging  the  water  and  air  that  continually  accumulates 
in  the  condenser  when  at  work,  and  at  the  same  time  to  be  enabled  to 
place  the  condenser  in  any  position  and  elevation  with  respect  to 
the  cylinder  that  is  found  most  convenient.  This  condenser  draws 
its  own  injection  water  from  any  depth  as  in  the  ordinary  condenser, 
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and,  being  enabled  to  -work  at  any  elevation,  it  can  be  so  placed  as 
to  allow  the  waste  water  to  flow  back  again  to  any  desii'ed  level. 
The  condenser  is  provided  with  a  small  auxiliary  condenser  placed 
at  the  bottom  of  the  ordinary  or  condenser  proper,  and  worked 
separately  and  independently,  being  connected  with  the  ordinary 
condenser  by  two  intermediate  india-rubber  foot  valves.  These 
valves  are  worked  by  means  of  forming  a  vacuum  in  the 
auxiliary  condenser  by  introducing  a  separate  jet  of  steam 
and  water,  supplied  alternately  by  independent  mechanical 
means,  thereby  alternately  creating  and  destroying  a  vacuum, 
about  five  times  per  minute.  The  act  of  making  this  vacuum 
enables  the  intermediate  valves  to  open,  forming  a  connection 
with  the  condenser  proper,  thereby  allowing  the  accumulated 
water  to  flow  into  the  auxiliary  condenser ;  and  destroj-ing  the 
vacuum  by  a  jet  of  steam  admitted  into  the  auxiliary  condenser 
causes  the  intermediate  valves  to  close,  and  at  the  same  moment 
opens  the  delivery  valve  in  the  hot- well,  thereby  discharging  the 
hot  water  and  air,  which  flow  away  in  the  ordinary  manner. 

The  construction  is  shown  in  Figs.  1  to  3,  Plates  47  to 
40.  Fig.  1  is  an  elevation  of  the  condenser,  with  the 
small  auxiliary  condenser  and  hot-well  complete,  and  ready 
for  the  connections.  Fig.  2  is  a  vertical  section,  showing  the 
two  foot- valves  A  and  B  which  connect  the  condenser  proper  and  the 
auxiliary  condenser ;  C  is  the  discharge  or  delivery  valve.  Fig.  3  is 
a  vertical  section  at  right  angles  to  Fig.  2,  showing  the  independeirt 
water  and  steam  valves  D  and  E  in  connection  with  the  auxiliary 
condenser.  F  is  the  tappet  shaft,  giving  motion  to  the  two 
equilibrium  valves  D  and  E.  This  shaft  revolves  about  five  times 
per  minute,  and  is  worked  cither  direct  from  the  engine  or  fi'om  any 
other  convenient  shaft.  The  water  valve  D  is  connected  with 
a  supply  of  water  at  a  higher  elevation  than  the  auxiliary 
condenser ;  and  the  equilibrium  steam  valve  E  is  in  connection  with 
the  Iwilcr,  from  which  it  receives  a  supply  of  steam  five  times  per 
minute.  This  jet  of  steam  is  diminished  in  pressure  by  a 
dimini.shing  valve  placed  near  the  boiler,  so  as  to  give  the  jet  of 
steam  at  an  average  of  3  lbs.  to  4  lbs.  pressure  above  atmosphere 
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when  entering  the  auxiliary  condenser.  The  Mc  Carter  condenser 
draws  its  own  injection  water  in  the  same  way  as  an  ordinary 
condenser,  and  there  are  some  at  work  successfully  lifting  their 
own  water  22  ft.  to  24  ft.  vertically. 

These  condensers  have  now  been  successfully  at  work  upwards 
of  three  years  in  conjunction  with  engines  from  12  in.  cylinders  to 
37  in.  cylinders,  and  they  are  giving  great  satisfaction,  effecting  a 
considerable  saving  in  coal,  besides  giving  much  steadier  motion  to 
the  machinery,  caused  by  the  regularity  of  the  working  of  the 
condenser,  without  the  great  strain  being  put  upon  the  engine 
through  the  ordinai'y  air  pump  at  every  revolution  of  the  engine. 
The  power  requii-ed  to  work  the  tappet  shaft  is  hardly  worth  a 
consideration ;  and  this  shaft  can  either  be  worked  direct  from  any 
convenient  part  of  the  engine,  or  may  be  worked  from  any  counter- 
shaft or  other  independent  motive  power. 

As  an  illustration  of  the  successful  application  of  these 
condensers  the  writer  would  mention  the  first  condenser  introduced 
in  Yorkshire,  which  was  applied  to  a  compound  horizontal 
engine,  with  a  condensing  cylinder  20  in.  diameter.  This  application 
was  introduced  in  order  to  make  the  power  previously  absorbed  in 
working  the  air  pump  available  for  driving  the  engines  3  strokes  per 
minute  faster,  with  the  same  machinery  thereon,  and  without  any 
especial  reference  to  economy.  The  result  was  stated  by  the 
proprietors  of  the  mill  to  be  that  the  engines  have  done  more  work 
in  the  mill  than  in  any  other  month,  with  a  regular  speed  and  with 
greater  ease,  besides  saving  fuel  in  money  value  amounting  to 
33  per  cent. 

Another  case  to  which  the  wi'iter  wishes  to  make  reference  is 
one  of  these  condensers  recently  fixed  at  the  Travis  Brook  Mills, 
Stockport,  which  case  illustrates  the  gi'cat  utility  of  this  condenser 
in  all  modem  engines  of  quick  speeds.  This  engine  was  also  a 
compound  engine  of  recent  build,  having  a  condensing  cylinder 
31^  in.  diameter,  to  which  was  fii'st  applied  a  double-acting  vertical 
air  pump ;  and  afterwards,  when  the  effect  upon  the  engine  at  the 
completion  of  its  stroke  was  thought  to  endanger  the  safety  of  the 
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engine,  a  single-acting  air  pump  was  substituted,  the  effect  of  wliicli 
was  found  to  be  still  worse  than  the  double-acting  pump  first 
applied.  About  six  weeks  ago  a  McCarter  condenser  was  attached 
to  those  engines  in  lieu  of  the  air  pumps,  and  the  improvement  in 
the  working  of  the  engines  is  stated  to  be  very  great,  every 
appearance  of  uneasiness  previously  experienced  by  the  loud  report 
at  each  descent  of  the  piston  having  wholly  disappeared,  also  giving 
steadier  driving  to  the  machinery.  This  proves  what  in  the  writer's 
opinion  will  be  foiind  in  future  quite  practicable,  namely  that  with 
this  condenser  coi^densing  engines  may  be  worked  at  the  highest 
speeds  at  which  non- condensing  engines  now  work  or  may  hereafter 
be  made  to  work,  thus  secui'ing  the  additional  advantage  of  a 
vacuum  to  that  of  the  highest  speeds  without  the  slightest  difficulty ; 
and  if  so,  it  must  always  give  to  the  condensing  engine  the 
advantage  over  non-condensing  engines  in  obtaining  the  greatest 
amount  of  duty  with  the  smallest  size  of  cylinder,  with  a  given 
pressure  of  steam,  besides  the  advantage  in  point  of  economy  due 
to  a  condensing  as  compared  with  a  non- condensing  engine.  Tins 
advantage  is  obtained  without  any  perceptible  increase  of  friction, 
or  of  complication  in  the  construction  of  the  engine. 

In  reference  to  this  part  of  the  subject,  attention  is  drawn  to 
the  great  resistance  of  an  air  pump,  causing  the  difficulty  engineers 
frequently  experience  in  balancing  engines,  so  as  to  avoid  the 
iri'egularity  of  motion  due  to  the  air  pump,  a  difficulty  admitted 
generally  to  be  so  great  in  the  single-crank  horizontal  engine  as  to 
render  it  almost  impossible  to  avoid  its  effect  being  plainly  indicated 
at  each  revolution  of  the  engine  upon  the  slide  of  the  governor. 
Take  for  example  a  22  in.  single-action  air  pump,  working  at  half 
the  sti'oke  of  the  engine,  which  is  about  the  usual  proportion  for  a 
34  in.  cylinder  engine  nominally  of  -lO  H.  P.  :  then  with  an 
ordinary  vacuum  of  12^  lbs.  in  the  condenser  there  would  be,  at  the 
moment  of  discharging  the  hot  water,  over  2  tons  of  atmospheric 
resistance,  in  addition  to  the  weight  of  water  lifted  at  each  half 
stroke  of  the  engine  and  the  friction  of  the  pump  with  its  members. 
And  then  it  is  to  be  remembered  that  this  resistance  does  not  take 
place  at  each  stroke,  but  at  evei-y  alternate  stroke,  and  at  only  one  part 
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of  such  alternate  stroke,  and  that  part  being  towards  the  termination 
of  the  stroke,  consequently  at  a  time  when  generally  there  is  not 
sufficient  steam  in  the  cylinder  to  overcome  the  friction  alone  of  the 
engine,  in  addition  to  the  great  i-esistance  of  atmospheric  pressure 
upon  the  aii-  pump ;  with  these  conditions  the  difficulty  of  effecting 
a  uniform  motion  in  the  engine  is  not  surprising. 

Another  application  of  this  condenser  is  one  recently  made  to  a 
new  engine  by  the  Catterall  Paper  Comjjany,  Catterall,  near  Preston, 
who,  requii'ing  the  water  to  be  at  a  higher  level  than  the  level  at 
which  their  supply  is  obtained  for  manufacturing  purposes,  have 
fixed  the  condenser  above  the  engine  for  the  purpose  of  drawing  the 
water  from  the  low  level  and  delivering  the  same  at  a  much  higher 
level,  thus  answering  the  two  purposes  combined,  namely  that  of  a 
condenser  and  also  that  of  a  lifting  pump,  by  which  means  the  water 
will  be  raised  to  the  required  level  without  any  expenditure  whatever 
of  either  power  or  fuel.  It  may  also  be  added  that  this  condenser  is 
well  adapted  where  one  condenser  is  required  for  a  number  of  small 
engines  to  exhaust  into,  such  as  are  used  in  diuving  calico  printing 
machines,  where  there  may  be  several  small  engines  in  one  room. 
For  this  purpose  a  Mc  Carter  condenser  is  now  being  applied  to 
Messrs.  Dewhurst's  Aspley  Print  Work-s,  where  six  small  high- 
pressure  engines  are  being  made  to  condense  into  one  condenser. 

For  Colliery  Winding  Engines  the  writer  believes  this  condenser 
will  be  of  the  greatest  advantage,  enabling  them  to  work  upon  the 
condensing  instead  of  the  non- condensing  principle,  as  at  present  in 
general  use.  The  principal  reason  why  winding  engines  are  not 
made  condensing  engines  is  that  with  the  air  pump  the  engine 
would  not  form  its  vacuum  until  after  the  engine  had  been  set  to 
work  for  some  short  time,  and  meanwhile  would  require  to  work 
non-condensing.  With  the  McCarter  condenser  this  is  obviated 
by  working  the  two  tappet  valves  constantly  by  means  of  a  small 
donkey  engine.  By  this  arrangement  a  vacuum  in  the  condenser 
would  be  constantly  maintained  when  the  winding  engines  were 
stopped,  and  consequently  there  would  be  at  aU  times  a  vacuum 
ready  for  exhausting  into,  the  moment  the  winding  conamenced. 
The  executors  of  J.  Hargreave,  of  Burnley,  are  now  applying  this 
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plan  of  condensing  to  a  pair  of  28  in.  cylinder  winding  engines  at 
Bank  Hall  Colliery,  the  firm  having  already  had  experience  in  the 
working  of  the  Mc  Carter  condenser  for  large  pumping  engines  at 
sevei'al  of  their  collieries,  where  they  are  giving  most  satisfactory 
results.  The  introduction  of  a  separate  motive  power  for  working 
the  condenser,  so  as  always  to  have  a  vacuum  ready  for  the  starting 
of  the  engines,  is  due  to  Mr.  Waddington,  the  manager  of  the 
extensive  collieries  belonging  to  the  above-named  firm,  who  has 
successfully  applied  a  small  donkey  engine  with  3  in.  cylinder  to 
work  the  tappet  shaft  of  the  condenser  recently  applied  to  a  pair 
of  25  in.  cylinder  pumping  engines,  and  he  is  now  also  applying 
the  same  principle  to  a  McCarter  condenser  which  is  being  made 
for  a  pair  of  their  28  in.  cylinder  winding  engines. 

The  following  are  the  particulars  of  a  recent  calculation  made 
by  Mr.  James  Wood,  Engineer,  of  Burnley,  in  which  a  comparison  is 
made  as  to  the  relative  volumes  of  steam  expended  in  the  woi-king 
of  an  ordinary  air  pump  and  the  McCarter  condenser,  in  an  engine 
at  Messrs.  Crossley  and  Sons'  Albion  Mills,  Halifax,  diagi*ams  from 
which  were  taken  in  July,  last  year.  The  engine  is  a  horizontal 
compound;  high-pressure  cylinder,  l-if  in.  diam.,  stroke  4  ft. ;  low- 
pressure  cylinder,  3-i  in.  diam.,  stroke  4  ft. ;  rev.  6-5  per  min. ;  Ind. 
H.  P.  216.  The  boiler  supplying  the  engine  is  multitubular,  hairing 
a  total  heating  surface  of  840  sq.  ft.,  and  firegrate  ai'ea  of  36  sq.  ft. 
The  following  results  supplying  the  data  for  the  calculation  were 
obtained  from  a  nine  hours'  trial : — 

Mean  Pressure  in  Boiler,  67  lb. 

Mean  Vacuum  in  Engine,  13  lb. 

Mean  Temperature  of  Injection  Water.  78". 

Mean  Temperature  of  Water  from  Condenser,  104°. 

Water    discharged    per    min.    from    Condenser    over  1 

tumbling  bay,  being  a  mean  of  35  observations         i  2215"94  lb. 

Temperature  of  Feed  Water,  200°. 

Water  Evaporated  per  lb.  of  Coal,  9012  lb. 

Water  Evaporated  per  min.,  68  lb. 

Coal  Consumed  per  Ind.  H.  P.  per  hour,  2"09  lb. 

Do.    Qu:ility,  Oaks  nut  slack. 

In  the  absence  of  actual  measurement,  it  is  assumed  that  the 
vertical    single-acting    air    pump,    working    at    half    stroke    of   the 
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cylinder,  namely  2  ft.,  is  22  in.  diam.,  which  is  a  common  proportion; 
and  that  the  power  absorbed  by  the  air  pump  is  equivalent  to  the 
sum  of 

1st— The  Friction. 

2nd — The  Atmospheric  Resistance. 

3rd— The  Weight  of  Water  lifted. 

Firstly. — For  calculating  the  friction,  it  is  assumed  to  be  about  the 
same  as  though  the  pump  was  lifting  water  to  the  extent  of  the 
capacity  due  to  the  whole  stroke,  as  the  bucket  passes  through  the 
whole  stroke  when  workiug ;  and  the  modulus  is  assumed  to  be  the 
same  as  that  of  an  ordinary  lifting  pump,  namely  2-8rds,  or  0"66 
as  the  ratio  of  the  work  done  to  the  H.  P.  consumed.  Then 
.  380  sq.  in.  (area  of  bucket)  x  12|  lb.  (net  atmospheric  resistance) 
X  65  rev.  X  2  ft.  stroke  -4-  33000  =  18-7  H.  P.  due  to  atmospheric 
resistance.  And,  380  sq.  in.  area  x  24  in.  stroke  x  65  strokes 
X  2  ft.  (being  a  mean  of  half  a  2  ft.  stroke  +  1  ft.  constant 
head  above  the  top  level  of  bucket)  -f-  (27'5  cub.  in.  per  lb.  of 
water  X  33000)  =  1-3  H.  P.  due  to  water  lifted.  Then  187  H.  P. 
+  1-3  H.  P.  =  200  H.  P. ;  and  200  -f-  066  =  30-0  H.  P.  consumed, 
the  difference  of  20  from  30  being  fi-iction,  =  lO'O  Ind.  H.  P.  due 
to  friction. 

Secondly. — In  calculating  the  atmospheric  resistance,  taking 
the  vacuum  to  be  12|  lb.  instead  of  13  lb.  (which  is  more  general 
perhaps),  the  resistance  would  be  12^  lb.  per  sq.  in.  of  bucket  area 
during  the  total  lift  of  a  column  of  13  ft.  of  water  per  min. 
Thus,  2215  lb.  total  weight  of  water  Hfted  per  min.  x  27*5  cub.  in. 
per  lb.  of  water  —  (65  rev.  of  engine  or  strokes  of  pump  X  380 
sq.  in.  area  of  bucket)  =  2'42  in.  depth  of  water  on  bucket 
lifted  at  each  stroke.  Therefore  2*42  in.  X  65  strokes  =  157'3  in. 
or  13  ft.  1  in.  column  lifted  per  min.,  as  stated.  Then  380  sq.  in. 
area  of  bucket  x  12|  lb.  per  sq.  in.  net  resistance  x  13"1  ft. 
column  lifted  per  min.  -f-  33000  =  1-88  Ind.  H.  P.  due  to 
atmospheric  resistance. 

Thirdly. — The  weight  of  water  lifted  =  2215  lb.  per  min.  ;  and 
assuming  the  height  from  the  bottom  of  air  pump  to  the  overflow 
in  hot- well  to  be  3  ft.,  (due  to  a  2  ft.  stroke  of  pump  +  1  ft.  constant 
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head),  then  2215  lb.   x   3  ft.  -r-  33000  =  020  Ind.  H.  P.  due  to 
lifting  the  water. 

Therefore  lO'OO  H.  P.  Friction. 

1-88      .,     Atmospheric  Resistance. 

0-20      „     Weight  of  Water  lifted. 

Total         12-08  H.  P.  absorbed  in  working  the  air  pump. 

Now  216  Ind.  H.  P.,  of  which  this  12  H.  P.  for  working  the 
air  pump  forms  a  part,  was  found  to  consume  68  lb.  of  water, 
evaporated  at  &^  lb.  pressure  ;  therefore  12  H.  P.  would  consume 
3- 78  lb.  of  water  evaporated  at  67  lb.  pressui'e.  Steam  at  67  lb. 
pressure  +  15  lb.  =  82  lb.  total  pressure  contains  a  total  heat  of 
12097°,  which  x  378  lb.  =  4572  Ib.-deg.  or  units  of  heat,  and  this 
according  to  the  above  calculation  is  the  amount  consumed  in 
working  the  air  pump. 

The  expenditure  of  steam  in  working  the  McCarter  condenser 
is  that  consumed  in  the  lower  chamber  or  auxiliary  condenser, 
which  requires  to  be  of  suflB^cient  size  to  contain  the  amount  of 
water  and  air  discharged  at  each  revolution  of  the  tappet  shaft.  In 
the  present  case  the  amount  of  water  passing  through  the  condenser 
would  be  the  same  as  with  the  air  pump,  less  the  proportion  due  to 
the  reduced  load  of  12  H.  P.  from  having  no  air  pump  to  drive.  Also, 
there  would  be  the  water  passing  thi'ough  the  tappet  valve,  together 
with  any  air  entering  the  condenser  previous  to  each  discharge, 
which  this  chamber  would  require  to  hold.  The  total  water  passing 
through  the  condenser  with  the  air  pump  to  work,  the  engine  exerting 
216  Ind.  H.  P.,  was  foimd  to  be  22159  lb.  per  min. ;  and  according  to 
this  proportion  there  would  be  123  lb.  per  min.  less  water  passing 
through  if  the  12  H.  P.  absorbed  by  the  air  pump  were  taken  off,  leaving 
20020  lb.  per  min.  as  the  actual  amount  of  water  passing  through 
the  upper  condenser  into  the  lower  chamber;  adding  to  this  35  lb.  per 
min.  for  the  water  entering  through  the  tappet  valve,  the  total  is 
2092-9  +  35  =  2128  lb.  per  min.,  being  88  lb.,  or  2420  cub.  in.  less 
per  min.  than  with  the  air  jjump.  This  difference  of  2420  cub.  in. 
being  allowed  as  the  space  for  the  accumulation  of  whatever  air 
there  may  be,  then  2215-0  lb.  x  27-5  -r-  5  times  per  min.  =  12187 
cub.  in.  for  the  size  of  the  lower  chamber. 
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The  pressui-e  of  steam  admitted  into  this  chamber  is  3  lb.  per  in. 
above  atmosphei-ic  pressure,  and  the  chamber  is  charged  with  this 
pressure  5  times  per  min.  This  steam  at  3  lb.  above  atmospheric 
pressiu'e,  or  18  lb.  per  iu.  total  pressui*e,  possesses  a  total  heat  of 
1181-8°  and  a  vol.  of  1410  that  of  water.  Therefore  2215-9  lb.  of 
water  per  min.  x  1181-8°  total  heat  -f-  1410  vol.  =  1855  units 
of  heat  per  minute  in  the  steam  with  which  the  lower  chamber 
is  charged  after  discharging  the  water. 

As  regards  the  steam  expended  in  expelling  the  water  against 
atmospheric  resistance — namely  2215-9  lb.  X  27'5  =  60937  cub.  in. 
of  water  per  min.,  against  15  lb.  per  in.  pressuj.'e — assuming  that 
60937  cub.  in.  of  steam  at  15  lb.  total  pressiu'e  has  been  required  to 
perform  this  work,  there  is  60937  cub.  in.  of  steam  -r-  1669  vol. 
of  steam  at  15  lb.  -4-  27-5  cub.  in.  per  lb.  of  water  x  1178-9°  total 
heat  in  steam  at  15  lb.  =  1565  vmits  of  heat  consumed  per  min. 
in  expelling  the  water. 

Now,  1855  +  1565  =  3420  total  units  of  heat  consumed  per  min. 
in  working  the  McCarter  condenser ;  or  4572  —  3420  =  a  diffiei-ence 
of  1152  units  of  heat  in  favour  of  the  condenser,  or  25  per  cent. 

This  comparison  of  ^25  per  cent,  in  favour  of  the  McCarter 
condenser  must  not  be  considered  as  showing  the  whole  economical 
advantage  there  exists  over  the  ordinary  air  pump  ;  and  it  must  be 
borne  in  mind  that  in  the  foregoing  calculation  the  comparison  has 
been  made  with  an  engine  whose  expenditui'e  of  heat  per  Ind.  H.  P. 
is  represented  by  almost  the  lowest  consumption  of  coal  per 
horse  obtainable  at  the  present  day,  namely  2  lb.  per  Ind.  H.  P. 
per  hour ;  and  that  if  the  comparison  had  been  with  an  engine  having 
a  consumption  of  4  lb.  of  coal  per  Ind.  H.  P.  per  hour,  (which  is 
perhaps  more  nearly  an  average  consumption),  the  difference  would 
have  been  much  more  striking.  It  ought  also  to  be  boinae  in  mind,  in 
the  absence  of  possessing  a  modulus  of  the  friction  actually  due  to  an 
air  pump  working  from  2  to  3  times  the  speed  of  an  ordinary  lifting 
pump,  the  modulus  employed  in  the  calculation  has  been  that  of  the 
latter,  and  consequently  the  friction  assumed  must  necessarily  be 
much  below  what  is  actually  due  to  the  excessive  speed  of  an  aii* 
pump.      This  is  also  testified  by  some  firms  who  have  taken  out 
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air  pumps  and  substituted  for  them  the  McCarter  condensers  that 
were  proportioned  to  the  load  upon  the  engine.  It  is  only  right  to 
remark  that,  in  cases  where  makers  have  fixed  condensers  with  the 
lower  chamber  more  than  twice  the  proper  size,  the  consumption 
of  coal  as  compared  with  the  air  pump  has  been  somewhat 
disappointing,  but  this  excess  is  obviated  when  correct  proportions 
of  the  auxiliaiy  condenser  and  condenser  proper  are  maintained ; 
this  need  not  therefore  be  any  matter  for  surprise. 

It  should  be  pointed  out  that  in.  all  cases  where  this  condenser  is 
placed  above  the  level  of  the  engine  cylinder,  a  small  air  valve  is 
fixed  inside  the  condenser,  and  works  precisely  the  same  as  a  ball 
tap,  so  that  it  is  impossible  under  any  circumstances  for  water  to  rise 
inside  the  condenser  beyond  a  certain  level,  inasmuch  as  the  water 
then  lifts  the  valve,  and,  admitting  the  air,  destroys  the  vacuum. 


Mr.  Preston  observed  respecting  the  calculations  given  in  the 
latter  part  of  the  paper  that  he  was  not  the  author  of  them ;  and  he 
had  only  taken  an  interest  in  the  subject  in  regard  to  the  practical 
introduction  of  these  condensers.  He  believed  one  of  their  greatest 
uses  would  be  for  winding  and  pumping  engines  at  colliei'ieg. 
Where  they  had  been  attached  to  the  pumping  engines  the  result 
had  been  so  satisfactory  that  he  believed  for  winding  engines  they 
would  be  found  still  more  valuable.  The  condenser  shown  in  the 
drawings  was  the  full  size  suitable  for  a  12  in.  to  15  in.  cylinder; 
in  the  first  instance  the  auxiliary  condenser  had  been  made  larger 
than  was  necessary,  and  Mr.  McCarter  had  not  hved  to  correct 
that  error.  The  condenser  proper  was  not  different  from  the 
condenser  in  universal  use;  the  auxiUary  condenser  was  simply 
to  get  rid  of  the  water  as  it  accumulated  in  the  condenser  proper. 
To  obviate  tliis,  the  tappet  shaft  revolving  about  five  times  per 
minute  opened  and  closed  altcruutely  the  steam  and  water  valves 
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of  the  auxiliary  condenser,  thereby  forming  a  vacuum  in  it  equal 
to  the  vacuum  in  the  condenser  proper.  The  vacuum  in  the  upper 
vessel  had  however  an  advantage  over  that  in  the  lower  by  the 
weight  of  water  that  had  accumulated  above  the  two  intermediate 
foot- valves ;  that  excess  of  pressure  opened  the  two  valves,  and 
the  water  in  the  vipper  vessel  immediately  flowed  into  the  lower 
condenser,  in  which  it  was  retained  by  the  bottom  foot- valve.  The 
next  jet  of  steam  admitted  into  the  lower  vessel  destroyed  the  vacuum 
in  it,  causing  the  two  intermediate  valves  to  close  immediately,  and 
the  condenser  proper  was  thereby  isolated  again  from  the  auxiliary 
condenser.  At  the  same  time  the  bottom  foot-valve,  opening  to 
the  hot  well,  was  opened  by  the  weight  of  the  water  in  the  lower 
vessel;  and  there  being  no  vacuum  at  that  moment,  the  water 
flowed  into  the  hot  well  and  escaped  at  the  overflow. 

The  condenser  proper  and  the  auxiliary  condenser  were  cast  in  one 
piece,  and  the  hot  well  was  a  separate  piece,  upon  which  the  condenser 
rested  without  any  air-tight  joint;  it  was  found  better  to  have 
a  little  opening  at  the  joint  all  round,  as  shown  in  the  drawing, 
so  that  the  air  discharged  along  with  the  water  into  the  hot  well 
could  get  away  easily  without  any  obstruction. 

The  consumption  of  water  was  less  than  with  the  ordinary  air- 
pump  condenser ;  but  that  was  not  caused  by  any  novel  action,  but 
by  the  amount  of  power  taken  from  the  engine  to  work  an  air-pump. 
Supposing  the  working  of  the  air-pump  took  5  or  10  per  cent,  of 
the  power  of  the  engine,  there  was  so  much  less  injection  water 
required  for  the  condenser  proper  when  the  air-pump  was  dispensed 
with.  Against  that,  there  was  the  jet  of  water  required  for  the 
auxiliary  condenser.  The  condenser  proper  would  lift  its  own  supply 
of  injection  water,  the  same  as  any  other  condenser;  with  an  ordinary 
condenser  it  was  preferred  to  lift  the  water  6  ft.  rather  than  24  ft., 
and  the  McCarter  condenser  lifted  its  own  water  neither  more  nor 
less  than  the  ordinary  condenser.  The  water  for  the  auxiliary 
condenser  required  a  head  of  say  1  ft. ;  the  amount  of  head  did 
not  signify,  as  long  as  it  was  above  the  tappet  valve ;  the  valve 
being  opened  five  times  a  minute,  the  head  of  water  was  wanted 
for  closing  it  instantly  the  vacuum  was  formed. 
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The  steam  admitted  into  the  auxihary  condenser  to  destroy  the 
vacuum  was  supplied  from  any  independent  source,  and  it  was  found 
practically  that  from  4  lb.  to  5  lb.  per  sq.  in.  pressure  above  the 
atmosphere  was  sufficient.  Whatever  was  the  working  pressure  in 
the  boiler,  the  steam  was  taken  off  through  a  reducing  valve,  being 
only  required  for  destroying  the  vacuum.  In  lieu  of  the  expense  of 
working  the  ordinary  air-pump  there  was  the  expense  of  the  steam 
required  to  destroy  the  vacuum  in  the  auxihary  condenser,  this 
being  taken  direct  from  the  boiler. 

The  President  enquired  how  the  amount  of  steam  was  regulated, 
so  as  to  avoid  letting  in  too  much  and  wasting  it. 

Mr.  Preston  said  the  object  was  to  admit  as  little  steam  as 
possible.  A  series  of  sizes  of  auxiliary  condensers  suitable  for  different 
sizes  of  condensers  had  been  originally  given  by  Mr.  !McCarter,  but 
he  believed  a  mistake  had  been  made  by  him  in  giving  these  too 
large,  therefore  taking  more  steam  than  was  actually  requisite  to 
create  and  destroy  the  vacuum;  because  it  was  only  required  to  make 
a  vacuum  just  sufficient  to  relieve  the  two  intermediate  foot-valves. 
According  to  the  original  plan  of  Mr.  McCarter  these  two  valves 
were  opened  by  mechanical  arrangements,  which  were  found  not 
to  answer  well ;  they  were  now  opened  by  simply  destroying  the 
vacuum  in  the  auxihary  condenser,  as  before  explained. 

Mr.  C.  Cochrane  understood  that  the  ordinai'y  condensers  would 
require  about  twelve  times  the  weight  of  condensing  water  compai'ed 
with  the  weight  of  the  steam  condensed.  It  seemed  to  him  that 
the  lower  chamber  of  the  condenser  now  described  must  require  ia 
addition  a  quantity  of  steam  corresponding  to  a  cubic  inch  of  water 
for  every  cubic  foot  of  water  displaced.  If  twelve  times  the  weight 
of  the  steam  was  required  for  condensing  in  the  usual  way,  then 
there  would  be  required  more  than  twelve  times  the  quantity  of 
condensing  water  in  this  form  of  condenser,  the  steam  necessary 
for  displacement  of  the  water  needing  to  bo  supplied  from  the 
boiler ;    therefore  all  that  was  saved  in  the  moving  power  would 
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be  the  friction  of  the  engine  in  using  that  steam.  Whether  this 
were  exactly  a  correct  view  or  not,  it  occurred  to  him  that  there 
was  more  water  to  move  in  this  condenser  than  in  the  ordinary 
condenser. 

The  President  observed  that  there  was  the  avoidance  of  shock 
in  the  condenser  now  described. 

Mr.  L.  Olrick  had  no  doubt  if  the  condenser  was  as  good  as  it 
was  represented  to  be  there  would  be  a  great  many  opportunities  of 
applying  it ;  employers  of  steam  power  would  be  glad  to  avail 
themselves  of  the  use  of  such  a  condenser.  The  use  of  the  condenser 
for  winding  engines  had  been  referred  to,  but  he  did  not  see  why  it 
should  be  particulai"ly  recommended  for  that  purpose.  It  had  been 
stated  that  the  principal  reason  why  winding  engines  were  generally 
worked  high-pressure  and  not  condensing  was  that  the  air-pump  of 
an  ordinary  condensing  engine  would  not  form  the  vacuum  until 
after  the  engine  had  been  set  to  work  for  a  short  time,  and  in  the 
meanwhile  the  engine  would  require  to  work  non-condensing.  He 
did  not  think  however  that  this  could  be  maintained,  because  the 
same  would  apply  to  marine  engines,  and  he  knew  from  his  own 
experience  that  what  was  done  in  that  case  was  simply  to  blow  the 
water  out  of  the  condenser  by  a  jet  of  steam,  and  then  open  the 
injection  cock  and  form  the  vacuum.  The  enguie  thus  started  at 
once  with  a  vacuum,  and  he  did  not  see  why  a  similar  plan  could 
not  be  worked  with  an  ordinary  land  condensing  engine.  As  the 
calculation  given  in  the  paper  was  principally  relied  upon  for  proving 
that  this  condenser  was  superior  to  the  ordinary  air-pump,  he  thought 
this  was  an  instance  of  how  desirable  it  was  that  such  calculations 
should  be  received  in  time  to  admit  of  their  examination  by  the 
members  previously,  so  that  they  might  be  discussed  fully  at  the 
meeting ;  otherwise  they  were  rendered  practically  useless  for  the 
discussion. 

Mr.  C.  W.  Siemens  enquired  about  the  amount  of  steam  in  the  jet 
necessary  to  work  the  auxiliary  condenser.     A  calculation  had  been 
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given  of  the  quantity  of  water  which  this  condenser  required  as 
compared  with  the  ordinaiy  condenser,  and  he  supposed  there  would 
not  be  any  material  difference  in  the  quantity,  but  he  had  considerable 
doabt  as  to  the  economy  of  working  this  plan.  This  condenser 
worked  upon  the  Newcomen  principle,  boiler  steam  being  admitted  in 
the  lower  part  of  the  condenser,  which  stood  in  lieu  of  a  cylinder  in 
the  Newcomen  engine ;  and  the  hot  steam  was  brought  into  contact 
with  the  cold  surface,  in  order  to  expel  the  water  and  air  accumulated 
there.  Now  the  quantity  of  steam  so  employed  must  be  considerably 
more  than  the  steam  that  would  be  necessary  to  work  the  air-pump, 
because  the  air-pump  was  worked  on  as  economical  a  principle  as 
was  involved  in  the  engine  itself.  Therefore  the  expulsion  of  a 
certain  amount  of  water  and  a  certain  amount  of  air  from  the  upper 
part  of  the  condenser  was  acomplished  in  this  condenser  not  in  an 
economical  manner.  There  was  a  compensating  advantage  in  doing 
away  with  one  complication  of  the  condensing  engine,  namely  the 
air-pump ;  but  whether  that  advantage  was  not  purchased  at  too 
great  a  price  was  a  question  which  he  shoxild  like  to  see  more  fully 
elucidated  than  was  done  in  the  paper  at  present. 

He  should  also  like  to  know  what  vacuum  could  be  regularly 
maintained  by  this  condenser ;  there  seemed  to  him  a  difficulty  in  that 
respect.  When  the  vacuum  was  produced  in  the  auxiliary  condenser, 
no  doubt  the  water  in  the  upper  chamber  by  its  own  gravity  fell 
readily  into  the  lower  chamber;  but  only  a  small  portion  of  the  air 
that  was  accumulated  in  the  upper  chamber  would  follow  it ;  and  in 
proportion  as  the  lower  chamber  was  small  or  reduced  in  comparison 
with  the  upper  chamber  or  main  condenser,  in  the  same  ratio 
the  vacuum  would  be  diminished  in  the  upper  chamber.  It  would  be 
interesting  therefore  to  know  what  was  the  vacuum  that  could  be 
obtained  currently  with  this  condenser,  and  what  was  the  amount 
of  steam  necessary  to  work  it. 

Mr,  F.  J.  Bramwell  could  not  help  thinking  that  the  introducers 
of  this  condenser  had  been  troubled  with  difficulties  as  to  the  existing 
air-pump  which  were  to  a  great  extent  imaginary.  It  was  said  that 
the  existing  air-pump   was  comparatively   inapplicable   to   colliery 
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winding  engines  and  other  engines  whicli  had  to  stand  for  a  time  and 
then  had  to  go  to  work,  because  the  vacuous  condition  was  not  ready 
for  them.  It  had  been  answered  by  Mr.  Oh'ick  that  blowing-through 
was  a  simple  and  easy  matter;  but  besides  that,  there  were 
instances  where  there  had  been  auxiliary  engines  for  the  purpose  of 
maintaining  a  vacuous  condition  at  all  times.  For  example,  the 
Blackwall  Railway  when  worked  by  ropes  was  worked  by  marine 
engines,  air-pumps  for  which  were  driven  by  a  pair  of  auxiliary 
engines  ;  and  these  being  in  action  before  the  main  engines  were  put 
to  work,  the  main  engines  were  always  ready  to  start,  and  they 
themselves  worked  the  air-pumps  afterwards.  That  was  another  way 
of  getting  over  the  difficulty. 

Another  objection  stated  in  the  paper  was  the  imaginary  difficulty 
of  having  condensing  engines  working  at  a  very  high  speed  when 
working  the  air-pumps.  This  was  purely  imaginary,  as  was  proved 
by  the  fact  that  in  Mr.  Thorny  croft's  steam  launches,  when  used  for 
torpedo  purposes,  where  there  must  be  no  noise  of  waste  steam  up 
the  chimney,  the  engines  were  worked  at  500  rev.  per  min.  with 
26  in.  vacuum;  and  there  were  very  few  cases  where  more  than 
that  was  wanted.  In  their  instance  it  was  found  the  air-pumps  could 
be  readily  woi'ked  direct  off  the  engmes  at  the  same  speed. 

There  was  another  mode  of  ajiplying  live  steam  and  getting  rid 
of  water  from  the  condenser,  which  appeared  to  him  to  be  preferable 
to  the  one  proposed  in  the  paper ;  the  mode  to  which  he  alluded 
was  the  Morton  ejector  condenser.  If  it  were  wished  to  use 
live  steam  for  ejection  purposes,  he  considered  it  had  better  be  used 
in  that  way.  That  instrument  was  continuous  in  its  action,  without 
any  valves  of  any  kind,  and  the  vacuum  could  always  be  got  up 
before  the  engine  was  started.  There,  as  a  rule,  the  ejection  was 
made  by  the  momentum  of  the  exhaust  steam ;  but  if  a  little  live 
steam  wei-e  added,  those  condensers  became  very  efficient,  and  they 
were  free  from  any  moving  parts  whatever. 

There  was  in  use  extensively  in  Scotland,  and  had  been  used  for 
many  years,  a  kind  of  condenser  called  the  blow-through  condenser  ; 
it  was  new  to  himself  when  he  saw  it  at  work  five  or  six  years  ago. 
In  many  of  the  engines  to  which  it  was  applied  the  steam  was 
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expanded  down  to  a  pi'essure  only  a  little  above  that  of  the 
atmosphere,  and  the  steam  was  then  allowed  to  exhaust  into  the 
condenser,  driving  out  everything  it  found  there  with  a  rush.  Then 
the  outlet  valve  shut,  and  the  injection  being  turned  on,  a  poor 
vacuum  was  obtained. 

It  seemed  to  him  that  there  was  one  considerable  objection  to  the 
condenser  described  in  the  paper,  which  objection  had  been  partly 
alluded  to  by  Mr.  Siemens.  If  the  bottom  vessel  were  made  small, 
the  proportion  that  it  bore  to  the  whole  condenser  represented  the 
proportion  in  which  the  air  would  be  taken  out ;  the  water  would  all 
go,  but  the  air  would  go  only  in  that  proportion ;  and  if  the  bottom 
vessel  were  made  large,  a  considerable  quantity  of  steam  must  be 
used.  But  whatever  size  it  was  made,  whether  the  engine  was  hard 
at  work  or  not,  the  same  amount  of  steam  had  to  be  used  every  time, 
although  the  engine  might  be  only  lightly  loaded.  Whereas  when 
the  water  and  air  were  extracted  by  the  air-pump,  the  air-pump  only 
had  a  shght  resistance  to  overcome  at  its  starting;  and  setting  friction 
out  of  consideration,  the  actual  consumption  of  power  to  get  rid  of 
the  air  and  water  by  means  of  the  air-pump  would  vary  with  the 
work  being  done  by  the  engine :  whereas  it  seemed  to  him  that  in 
the  plan  now  described  the  auxihary  condenser  must  necessarily  be 
made  of  a  right  size  for  the  largest  amount  of  woi'k  that  would  ever 
come  upon  the  engine,  and  the  same  quantity  of  steam  must 
necessarily  be  expended  at  all  times  to  work  the  auxiliary  condenser, 
whether  the  engine  was  doing  the  full  amount  of  work  or  not.  That 
he  should  think  in  many  circumstances  would  be  a  considerable 
disadvantage. 

Mr.  T.  Adams  observed  that  the  question  of  the  comparative 
economy  of  the  ordinary  condenser  and  the  one  described  in  the 
paper  resolved  itself  into  the  simple  one  of  the  horse  power  required  to 
work  the  air-pump,  and  the  quantity  of  steam  passing  through  the 
tappet-valve  in  order  to  produce  the  vacuum  in  this  condenser.  If 
that  steam  were  applied  in  the  cylinder,  what  horse  power  would  it 
give  oiT  ?  The  difference  between  the  horse  power  given  off  in  the 
cylinder  and  that  required  to  work  the  air-pump  would  show  the 
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balance  either  for  or  against  the  condenser.  On  previous  occasions 
when  the  subject  had  been  discussed  elsewhere,  this  enquiry  had 
been  made  respecting  the  condenser ;  and  if  an  answer  were  given 
to  it,  the  matter  would  be  made  plain  and  simple ;  hitherto  it  had 
not  been  shown. 

Mr.  Preston  replied  I'especting  the  quantity  of  condensing  water 
used  in  the  condenser  proper,  that  this  was  less  than  in  the  ordinary 
condenser  in  proportion  to  the  amount  of  power  required  to  work 
the  air-pump  ;  whatever  that  power  was,  so  much  less  water  was 
necessarily  required  in  this  condenser.  Then  it  had  been  urged  that 
this  condenser  was  no  more  useful  for  winding  engines  than  for  any 
other  sort,  such  as  marine  engines  ;  but  with  regard  to  winding 
engines  the  reason  was  that  the  attendant  was  expected  to  have 
nothing  to  divert  his  attention,  he  had  simply  to  look  at  the  pit 
signals,  and  start  and  stop  the  engine  accordingly.  It  was  expected 
that  he  did  not  move  from  his  place  from  the  time  that  he  had  taken 
hold  of  the  handles  for  working  the  engine  ;  he  had  not  time  to  go 
and  turn  any  other  tap  or  open  any  other  valve,  nor  was  it  expected 
that  he  should  do  so.  When  the  steam  was  turned  on  for  starting, 
the  winding  engine  was  expected,  for  the  sake  of  economy  and 
prudence,  to  start  immediately  at  about  the  speed  at  which  it  was 
going  to  work  throughout  the  winding.  In  the  ordinary  condensing 
engine  that  was  impossible,  because  there  was  not  a  vacuum  to  begin 
with  ;  it  was  necessary  to  blow-through  in  order  to  make  a  vacuum, 
and  that  took  time.  With  this  condenser  there  was  a  vacuum  ready, 
and  the  engine  started  at  once  the  moment  the  steam  had  been 
turned  on. 

The  quantity  of  steam  required  for  working  the  auxiliary 
condenser  was  no  doubt  the  main  point  in  question.  The  correctness 
of  the  calculation  given  in  the  paper  respecting  this  had  been 
partially  proved  by  facts  showing  that  it  took  less  steam  altogether 
to  work  the  engine  and  to  work  the  auxiliary  condenser  than  it  took 
to  work  an  ordinary  condensing  engine  of  the  same  power.  The 
vacuum  obtained  with  this  condenser  averaged  from  12^  to  13  lb. 
per  sq.  in.     He  believed  from  his  own  experience,  and  from  what  he 
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could  gather  from  others  who  had  closely  watched  the  matter,  that 
the  natural  vacuum  for  the  condensing  engine,  minus  the  air-pump, 
was  from  12  to  12|  lbs.,  and  any  more  that  was  got  from  the  ordinary 
condensing  engine  was  due  to  the  effect  of  the  air-pump,  which  was 
a  source  of  considerable  expense. 

With  respect  to  the  Morton  ejector  condenser,  that  was  one  that 
would  only  work  when  it  had  a  head  of  water ;  and  the  great 
advantage  of  the  condenser  described  in  the  paper  was  that  it  drew 
its  own  water  from  a  lower  level,  like  an  ordinary  air-pump 
condenser. 

Mr.  F.  J.  Bramwell  said  that  was  really  not  the  case  with  the 
Morton  condenser ;  when  live  steam  was  used  from  the  boiler  it 
would  work  without  a  head. 

Mr.  Preston  said  he  had  not  seen  it  work  in  that  way.  In 
regard  to  blowing-through  to  form  a  vacuum,  no  blow-through  was 
required  in  the  condenser  described  in  the  paper  ;  but  if  the  engine 
had  been  standing  for  some  time,  and  it  was  requisite  to  make  a 
vacuum,  it  was  done  by  turning  a  small  handwheel  at  the  end  of 
the  tappet  shaft  once  or  twice  round,  so  as  to  admit  a  jet  of  steam 
and  then  a  jet  of  water,  and  thereby  create  a  vacuum  ;  this  was 
tantamount  to  the  common  plan  of  blowing-through,  but  for  winding 
engines  this  was  obviated  by  working  the  tappet  shaft  by  a  small 
donkey  engine,  thereby  always  ensuring  a  vacuum  to  exhaust  into, 
the  moment  the  engine  started. 

The  size  of  the  auxiliary  condenser  certainly  had  to  be  arranged 
according  to  its  work,  and  that  was  a  question  not  yet  fully  settled, 
whether  its  size  was  not  in  excess.  He  believed  practically 
that  the  size  considered  requisite  in  the  inventor's  first 
attempts  had  been  in  excess  of  what  was  really  required. 
It  was  quite  evident  that  the  size  was  wanted  to  bo  sufficient 
not  only  to  hold  the  water  discharged  from  the  condenser 
proper,  but  also  to  take  away  the  air  that  came  along  with 
the  water  and  the  steam.  That  could  be  modified  by  working 
the  lappet  shaft  quicker,  so  as  to  open  the  steam  and  water  valves 
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oftener,  which  would  be  one  way  of  lessening  the  size  of  the  auxiliary 
condenser ;  but  it  was  found  practically  that  about  five  times  per 
minute  was  a  convenient  speed  for  working  the  tappet  valves,  though 
he  believed  one  or  two  of  the  condensers  that  had  been  put  down 
had  been  worked  faster. 

The  President  moved  a  vote  of  thanks  to  Mr.  Preston  for  his 
paper,  which  was  passed. 


The  following  paper  was  then  read : — 
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ON  THE 

FRISBIE    MECHANICAL    FIRE-FEEDER    AND    GRATE 

FOR   BOILERS    AND    FURNACES. 


By  Me.  BERNARD  P.  WALKER,  of  Birmingham. 


The  object  of  this  apparatus  is  to  supply  the  fuel  at  the  lower 
surface  of  the  boiler  and  fui'uace  fires,  instead  of  at  the  upper  surface 
as  usual. 

The  appax-atus  is  shown  in  Plates  50  and  51,  in  which  Fig.  1  is 
a  longitudinal  section,  Fig.  2  a  front  elevation,  and  Fig.  4  a.  plan. 
The  grate  is  provided  mth  a  central  aperture  suiTOunded  by  fire- 
bars, as  shown  at  A  in  the  plan.  Fig.  4,  and  by  means  of  the  mechanism 
to  be  described  the  fuel  is  thrust  up  through  this  apertui'e  from 
beneath  into  the  fire.  The  fuel  is  fed  into  a  cylindrical  box  or 
hopper  P  P,  which,  swinging  on  pivots  E  E  placed  dii"ectly  beneath 
the  centre  of  the  aperture  in  the  grate,  is  provided  with  a  movable 
bottom  or  piston  F,  and  is  charged  with  fuel  when  in  the  position 
shown  in  Fig.  3,  the  aperture  being  meanwhile  closed  by  a  cui-ved 
plate  or  apron  R  attached  to  the  upper  margin  of  the  cylindrical 
fuel  box  or  hopper,  thus  retaining  the  fuel  in  the  grate.  The  crank- 
shaft G  being  furnished  with  arms  and  crank  pins  I,  taking  into 
notches  in  the  links  H,  which  are  pivoted  on  the  supporting 
plates  on  which  the  hopper  swings  to  and  fro,  is  di'iven  by  means 
of  a  winch  handle  and  wheel  gearing  M. 

When  the  fuel  box  or  hopper  an-ives  at  the  extent  of  its 
swing,  which  brings  its  mouth  directly  underneath  the  aperture 
A  in  the  firegrate,  the  crank  pins  I  leave  the  notches,  and  the 
links  H  then  rest  upon  the  shaft,  as  shown  in  Fig.  1,  and  thus 
lock  the  hopper  in  its  vertical  position.  The  crank  K,  being  provided 
with  a  friction  roller,  now  comes  in  contact  with  the  lever  L,  and  by 
the  continuous  motion  of  the  winch  handle  in  the  same  dii'cctiou 
raises  it  along  with  the  piston  F  and  the  charge  of  fuel  until  the 
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surface  of  the  piston  is  contiauous  with  that  of  the  apron  or  retaining 
plate  R.  The  catch  N  now  receives  the  end  of  the  lever  L,  and 
keeps  it  with  the  piston  in  the  position  shown  in  Fig.  1. 

The  movement  of  the  winch,  and  consequently  that  of  the  wheels 
and  crank-shaft,  is  now  reversed ;  and  the  crank  pins  of  the  arms  I, 
taking  into  the  notches  in  the  links  H,  first  disengage  the  ends  of 
the  links  from  the  ci'ank-shaft  by  raising  them,  and  then  bring 
back  the  hopper  into  its  first  position,  as  in  Fig.  3.  The  catch  N, 
striking  a  bar  0  which  crosses  the  ashpit,  allows  the  piston  to  fall 
ready  to  receive  a  fresh  charge  of  fuel. 

The  firebars  forming  the  grate  and  surrounding  the  central 
apertui'e  are  supported  upon  a  circular  frame  running  on  friction 
rollers  D  D,  as  a  turntable.  In  the  periphery  of  the  circular  frame  are 
holes,  as  shown  at  C,  and  by  means  of  a  lever  inserted  into  these 
the  grate  is  readily  turned  round,  so  as  to  bring  its  circumference  in 
successive  portions  opposite  the  door  B,  to  permit  the  removal  of 
clinkers  or  other  incombustible  matter  contained  in  the  fuel.  The 
successive  charges  of  fuel  through  the  central  apertiu'e  push  those 
portions  that  will  not  bm'n  to  the  circumference  of  the  grate. 
The  ring  of  metal  J,  having  its  internal  diameter  slightly  less 
than  that  of  the  central  aperture  A,  is  supported  by  four  arms,  which 
carry  the  friction  rollers  D  D,  and  are  fixed  to  the  dead-plate.  In 
those  cases  where  access  can  be  had  to  either  side  of  the  grate, 
as  in  glass  furnaces  &c.,  the  fire  is  readily  cleansed  in  the  ordinary 
manner  by  striking  the  bars,  and  the  revolving  grate  is  dispensed 
with,  straight  bars  being  substituted,  as  in  Fig.  7. 

Fig.  5,  Plate  52,  shows  the  arrangement  for  a  plain  cylindrical 
boiler;  Fig.  6  for  a  multitubular  externally- fired  boiler ;  and  Fig.  7 
for  a  glass  furnace. 

The  system  of  firing  by  inserting  the  fuel  from  beneath,  as 
effected  by  the  apparatus  described,  presents  several  important 
advantages,  some  of  which  are  as  foUows  : — 

First,  the  fii'e  is  not  reduced  in  intensity  by  the  cold  fuel  damping 
the  flame,  as  is  the  case  when  the  fuel  is  thrown  on  the  upper 
surface  of  the  fire ;  so  that  the  evolution  of  smoke  from  this  cause  is 
completely  avoided. 
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Secon(yy,  each  successive  charge  of  fuel  lifts  up  and  most 
effectually  "pokes"  the  fire. 

Thu'dly,  the  cooling  of  the  furnace  by  the  admission  of  a  large 
volume  of  cold  air  when  the  fire  doors  are  opened  for  stoking  is 
avoided. 

Fourthly,  a  smokeless  flame  is  readily  attainable  with  a  thick 
fire,  although  using  smaller  fuel  than  can  be  employed  in  ordinary 
furnaces,  whilst  a  maximum  intensity  of  heat  is  attained. 

The  result  is  great  economy  of  fuel  with  almost  entii'c  absence 
of  smoke. 

It  is  not  professed  that  the  principle  of  this  furnace  is  new; 
but  the  aiTaugement  of  the  mechanism  described,  which  is 
founded  upon  the  invention  of  Mr.  Frisbie,  claims  to  effect  a 
considerable  improvement  on  the  ordinary  method  of  firing,  and 
to  be  a  step  towards  economising  fuel.  This  furnace  has  been  in 
constant  work  for  nearly  four  years  at  Spring  Hill  Rolling  Mills, 
Birmingham,  in  muffles  for  heating  copper  and  brass  sheets,  and 
for  more  than  a  year  under  steam  boilers  in  this  neighboui'hood,  and 
it  has  been  in  use  eight  months  in  a  glass  furnace  in  London ;  and 
all  these  applications  have  proved  thoroughly  satisfactory.  It  is 
found  difficult  to  procure  accurate  statistics,  so  as  to  compare  this 
system  with  the  old  as  regards  economy ;  but  information  from  the 
persons  using  it  leads  to  the  conclusion  that  from  twenty  per  cent, 
saving  in  cost  of  fuel  in  steam  engine  boilers,  to  sixty  per  cent,  in 
reverberatory  furnaces,  such  for  instance  as  are  used  for  smelting 
nickel,  has  been  effected  by  its  use,  a  less  expensive  quality  of  fuel 
being  made  available  by  this  furnace.  It  is  also  found  that  the 
grate  bars  are  far  more  durable  than  in  ordinary  furnaces,  whilst 
the  apparatus  itself  is  not  liable  to  injury  from  wear  or  to 
derangement  in  use. 
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Mr.  Walker  exhibited  a  specimen  of  the  mechanical  ■fire-feeder, 
and  showed  its  action  in  working.  He  stated  that  as  much  as  25  lb. 
of  coal  per  sq.  ft.  of  grate  per  hour  had  been  burnt  upon  it.  The  coal 
was  put  into  the  feeding  hopper  by  hand,  but  it  had  been  proposed  to 
alter  the  apparatus  and  make  it  self-acting ;  he  was  not  quite  sure 
at  present  whether  it  was  worth  the  expense  of  doing  so.  The 
raising  of  the  piston  in  the  hopper  made  a  little  conical  hillock  of 
fuel  in  the  centre  of  the  grate,  and  the  first  efi'ect  of  the  heat  on  the 
coal  that  had  been  previously  warmed  in  the  upper  part  of  the 
central  chamber  of  the  grate  was  that  the  coal  burst  into  flame  at 
at  once,  giving  ofi"  gas  instantly  on  being  pushed  into  the  fire. 

The  President  observed  that  the  apparatus  could  not  be  applied 
in  the  case  of  the  Cornish  boiler,  except  by  firing  the  boiler  externally 
instead  of  in  the  tube. 

Mr.  Walker  said  that  had  been  done  with  success,  but  with  the 
disadvantage  of  the  increased  room  that  was  required  and  the 
consequent  difficulty  of  setting  the  boiler,  which  rather  led  him  to 
discourage  the  use  of  the  plan  for  such  boilers.  In  the  case  of  the 
first  grate  so  applied  there  was  destruction  of  the  bottom  plate  of  the 
boiler,  in  consequence  of  the  deposit  at  the  bottom  of  the  boiler 
which  was  liable  to  occur  in  such  cases  ;  but  in  other  similar  instances 
the  grate  had  now  been  tried  for  more  than  two  years,  and  the  result 
had  been  that  there  was  no  portion  of  the  boiler  damaged.  He 
considered  that  the  chief  value  of  the  grate  was  in  furnaces  where  a 
large  volume  of  flame  was  wanted  and  consequently  a  thick  fire,  as 
in  muffles  and  glass  furnaces ;  there  its  success  had  been  remarkable. 

Mr.  L.  Olrick  asked  whether  the  absence  of  smoke  was 
complete  without  introducing  any  air  above  the  grate ;  he  did  not 
see  any  arrangement  shown  in  the  drawings  for  the  admission  of  air 
above  the  grate,  and  concluded  therefore  that  the  whole  of  the  air 
required  for  the  perfect  combustion  of  the  coal  entered  through  the 
grate  bars.  He  enquired  also  if  the  grate  was  always  made 
circular,  whether  applied  to  Cornish  or  vertical  boilers. 
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It  was  -stated  in  the  paper  that  each  successive  charge  of  fuel 
lifted  up  the  fire,  and  most  effectually  poked  it;  and  he  could 
nnderstand  that  the  fresh  fuel  coming  up  in  the  centre  of  the  fire 
would  push  the  coal  radially  over  every  part  of  the  grate ;  but  he 
did  not  see  how  the  effect  of  that  fuel  coming  up  in  the  centre  could 
be  to  poke  the  fire.  By  poking  the  fire  he  meant  that  any  clinkers 
that  might  be  collected  on  the  grate  would  be  removed;  and 
he  hardly  saw  how  clinkers  could  be  removed  by  the  mere  fact 
of  the  fire  being  lifted  up  in  the  centre ;  it  often  took  very  hard 
breaking  to  remove  the  clinkers  in  ordinary  grates. 

He  should  also  be  glad  to  know  whether  the  proportion  of  air 
spaces  in  the  grate  bars  was  always  maintained  the  same,  or  whether 
the  air  spaces  were  altered  in  size  according  to  the  kind  of  fuel  intended 
to  be  used.  Also  why  it  was  considered  that  these  grate  bars  lasted 
longer  than  the  bars  in  ordinary  furnaces.  He  had  no  doubt  that  the 
apparatus  was  a  very  good  one ;  and  enquired  what  was  the  cost  of  a 
grate  of  the  size  shown  in  the  drawings. 

Mr.  M.  H.  Smith  asked  if  any  difficulty  was  experienced  from 
the  charge  of  coal  that  was  pushed  up  by  the  piston  into  the  central 
chamber  of  the  grate  ever  coking  too  hard,  and  so  adhering  to  the 
sides  of  the  chamber.  The  chamber  of  the  feeding  hopper  in  which 
the  piston  worked  was  of  course  made  cylindrical,  with  parallel  sides, 
and  the  fixed  chamber  in  the  grate  above  it  appeared  to  be  also  made 
with  parallel  sides ;  if  it  were  made  slightly  conical,  expanding 
upwards,  he  conceived  the  coal  in  the  case  of  coking  hard  would  be 
more  readily  pushed  up.  Again  he  should  be  glad  to  know  whether 
there  was  any  loss  of  coal  in  case  of  firing  too  fast.  If  it  were  wanted 
for  instance  to  push  up  two  hoppers  of  coal  at  once,  did  not  the  coal 
then  rise  before  it  was  coked ;  and  in  that  case  did  the  dust  fall 
through  the  firebars — the  openings  of  which  he  observed  were  rather 
large — before  it  was  coked.  Also  as  all  the  air  for  the  combustion 
of  the  coal  must  necessarily  go  through  the  firebars,  and  as  the  coal 
was  fed  up  in  the  centre,  the  outer  rim  of  the  bars  must  be  more  free 
for  the  admission  of  air,  and  he  should  imagine  the  combustion  would 
bo  more  intense  at  the  outer  rim.     He  enquired  whether  that  more 


jdly.  frisbie  mechanical  fire-feeder.  323 

intense  combustion  at  the  outer  rim  affected  the  durability  of  the 
firebars  in  that  portion  of  the  grate  more  than  in  any  other  part. 

Mr.'F.  J,  Bramwell  observed  it  had  been  stated  in  the  paper 
that  the  principle  of  firing  from  below  was  not  a  new  one  ;  and  the 
object  of  the  paper  was  simply  to  recommend  this  particular 
apparatus  for  carrying  out  that  principle.  He  might  mention  that 
thirty  years  ago  there  was  at  work  in  Woolwich  dockyard  a  wagon 
boiler  driving  one  of  Maudslay's  engines,  the  firegrate  of  which  boiler 
was  fitted  with  a  mechanical  feeder  introducing  the  coal  from  below  ; 
he  did  not  know  whose  invention  it  was.  The  fireplace  was  nearly 
square,  and  in  the  centre  of  it  was  a  rectangular  opening,  instead  of 
a  circular  one ;  beneath  the  rectangular  opening  was  a  box,  which 
had  in  it  a  rising  and  falling  piston,  worked  by  a  rack  and  pinion,  and 
immediately  above  the  body  of  the  box  was  a  tranverse  sliding  plate. 
Assuming  the  piston  to  be  up,  having  just  raised  a  charge  of  coal 
into  the  fire,  the  sliding  plate  was  then  pushed  across  above  the 
piston,  and  that  plate  held  up  the  fire.  The  piston  being  then 
lowered,  a  door  in  one  side  of  the  box  was  opened,  the  whole  of  the 
box  was  filled  with  coal,  the  charging  door  was  shut,  the  sliding 
plate  was  drawn  out,  and  then  the  piston  was  gradually  raised  by 
the  rack  and  pinion,  pushing  up  the  coal  into  the  fireplace,  the  bars 
of  which  were  made  like  the  sides  of  a  hopper,  sloping  upwards  and 
outwards  from  the  central  feed  opening  ;  he  did  not  know  why  that 
arrangement  of  the  bars  was  adopted,  but  he  thought  it  must  have 
had  the  effect  of  making  the  dust  fall  through  the  sloping  sides,  and 
also  of  making  a  thin  fire  at  the  edge  of  the  grate.  That  mode  of 
firing  gave  a  beautiful  smokeless  flame,  and  the  combustion  appeared 
to  be  complete ;  but  there  was  intense  heat  immediately  above  the 
central  part  of  the  fire.  That  apparatus  was  in  use,  as  he  had  said, 
thirty  years  ago,  and  he  did  not  know  why  it  had  been  abandoned, 
unless  it  was  that  there  had  been  some  difficulty  from  the  fuel  in  the 
box  becoming  ignited. 

It  was  well  known  that  if  it  were  wanted  to  get  a  fire  to  burn 
well  in  a  firegrate  of  a  house,  on  a  day  when  much  heat  was  not 
wanted,  the  best  way  was  to  lay  the  fire  with  the  wood  upon  the  top, 
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then  lay  a  little  coal  on  the  wood,  and  light  at  the  top.  A  fire  so 
lit  in  the  morning  wonld  last  eight  or  ten  honrs,  giving  about  as 
much  heat  as  might  be  required  in  the  autumn  and  in  the  spring. 

He  had  beeu  so  much  struck  with  the  plan  that  he  had  seen  at 
Woolwich,  and  so  much  of  opinion  that  the  right- way  of  firing  was 
to  fire  from  below,  that  an  abortive  attempt  had  been  made  many 
years  ago  by  himself  and  his  fellow  apprentice,  ^h\  Homersham,  to 
employ  a  hollow  shovel  with  a  sloping  top  like  the  roof  of  a  house, 
and  a  sliding  plate  for  the  bottom,  with  two  handles  ;  the  shovel  was 
turned  upside  down  and  filled,  the  plate  was  slid  over  it,  and  then  it 
was  turned  the  right  way  up,  containing  the  charge  of  fuel.  Then 
it  was  endeavoured  to  insinuate  the  shovel  underneath  the  fire,  and 
withdrawing  the  bottom  plate  to  deposit  the  charge  of  coal  on  the 
bars.  The  violent  exertion  required  to  work  it  however  proved 
altogether  beyond  the  strength  of  the  stoker ;  and  it  became  evident 
that  the  plan  must  be  given  up.  He  was  an  advocate  for  the 
introduction  of  the  principle  of  firing  from  below ;  and  he  thought 
the  apparatus  described  in  the  paper  was  one  that  would  fulfil  that 
mode  of  firing. 

Mr.  "Walker  said,  with  regard  to  the  consumption  of  smoke,  the 
mechanical  fire-feeder  described  in  the  paper  was  quite  satisfactory 
in  cases  of  thick  fire ;  but  where  the  men  were  careless,  and,  the 
firegrate  being  perhaps  too  large  for  the  work  that  was  done,  two 
or  three  charges  were  put  on  too  quickly,  so  that  the  fresh  coal  was 
lifted  through  the  mass  of  the  fire,  then  the  fire  did  give  off  smoke. 
If  the  quantity  of  fresh  coal  supplied  by  the  feeder  was  proportionate 
to  the  size  of  the  fire,  no  smoke  was  formed  except  when  the  fire  was 
being  cleaned  of  clinker.  If  there  was  an  excess  of  air  going  through, 
that  would  generally  occasion  smoke. 

With  regard  to  the  shape  of  the  grates,  they  had  been  made  for 
glass  furnaces  generally  about  5  feet  square,  instead  of  circular. 

The  pushing  up  of  the  charge  of  fuel  into  the  fire  was  not 
attended  he  believed  with  any  particular  difficulty.  In  the  grates 
first  made  the  sides  of  the  central  chamber  had  been  made  parallel, 
and  the  consequence  was  that  some  kinds  of  coal  got  jammed  in  it. 
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The  coal  did  not  cake  till  it  had  got  on  to  the  firebars ;  and  the  effect 
of  caking  was  not  to  increase  but  to  reduce  its  bulk.  It  had  now 
been  found  necessary  to  make  the  centre  chamber  conical,  enlarging 
it  from  16  in.  diameter  at  the  bottom  to  20  in.  diameter  at  the  top  in 
the  height  of  9  in, ;  in  the  specimen  exhibited  the  amount  of  cone 
was  rather  less  and  was  scarcely  sufficient.  The  efiect  of  lifting  the 
piston  of  the  charging  hopper  was  that  the  charge  of  fuel  contained 
in  the  central  chamber  was  lifted  up  to  the  surface  of  the  grate  and 
insinuated  itself  underneath  the  burning  fuel ;  and  jets  of  gas  were 
at  once  seen  issuing  from  it  in  all  directions.  The  power  required  to 
be  exerted  in  charging  the  grate  was  really  dependent  on  the 
proportioning  of  the  gearing,  which  was  varied  according  to  the 
quality  of  the  coal.  In  the  grate  exhibited,  which  was  intended  for  open 
free-burning  coal  like  that  of  South  Staffordshire,  the  power  requu'ed 
would  be  very  slight,  and  the  handwheel  was  therefore  arranged  to 
make  only  seven  turns  for  performing  the  entire  operation.  But  in 
the  glass  fui'naces  at  St.  Helen's,  where  caking  coal  was  used,  the 
pinion  had  to  be  made  smaller  to  get  the  required  power,  and  it 
took  eleven  turns  of  the  handwheel  to  effect  the  charging. 

With  regard  to  the  durability  of  the  firebars,  the  segment 
exhibited  had  just  been  taken  out  of  a  furnace  after  twelve  months' 
work  under  a  steam  boiler  ;  and  the  amount  of  wear  on  it  was  seen 
to  be  very  little  indeed.  In  these  grates  applied  to  nickel-smelting 
furnaces  one  set  of  bars  lasted  ordiuarily  nine  months,  continuing  all 
that  time  in  perfect  condition  for  use ;  they  then  required  to  be 
renewed  certainly,  but  they  were  not  utterly  destroyed,  as  was  the 
case  in  three  months  with  the  bars  in  the  ordinary  grates.  The  bars 
were  so  cool  in  working  that  the  hand  could  be  placed  on  the  outer 
edge  of  the  grate  while  the  fire  was  burning,  the  heat  not  being  so 
intense  round  the  outside  as  towards  the  centre  of  the  fire ;  and  the 
bars  kept  cool  because  it  was  cold  fuel  that  was  next  to  them.  The 
air  spaces  were  adapted  to  the  quality  of  the  fuel ;  in  the  North  of 
England  some  of  the  grates  had  been  made  with  only  |  inch  spaces, 
much  finer  than  the  bars  exhibited,  and  for  other  districts  some  had 
been  made  with  spaces  as  much  as  1  inch  width,  as  in  the  case  of 
the  Wigan  caking  coal.     The  admission  of  air  was  usually   found 
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sufficient  when  it  entered  through  the  bars  ;  but  in  other  cases  the 
firedoors  wore  made  with  perforated  plates,  as  shown  in  Fig.  2,  and 
the  length  of  flame  was  considerably  increased  by  theii'  use. 

With  regard  to  the  question  of  price,  that  was  more  a  commercial 
matter,  and  of  course  it  must  depend  mainly  upon  the  royalty ;  the 
work  itself  was  of  an  inexpensive  kind.  A  large  grate  about  4  ft. 
diameter  weighed  about  2  tons  complete ;  the  price  would  vary  with 
the  price  of  the  iron,  and  would  range  from  £30  to  £40,  irrespective 
of  royalty. 

The  formation  of  clinkers  was  rather  different  in  this  grate  from 
that  in  ordinary  fires.  The  combustion  taking  place  from  the  top 
downwards,  the  clinkers  here  ran  on  the  top  of  the  fire,  instead  of 
upon  the  bai's;  and  the  next  charge  rising  from  underneath  the  fire 
broke  them  up  to  a  large  extent.  The  circular  rotation  of  the  grate 
at  intervals  by  means  of  the  hand  lever  caused  the  dust  to  fall 
through  upon  the  bedplate  beneath. 

With  regard  to  the  earlier  apparatus  at  Woolwich,  to  which 
attention  had  been  called  by  Mr.  Bramwell,  he  was  aware  of  the 
existence  of  that  machine,  and  believed  the  reason  why  it  was  given 
up  was  that  there  was  sometimes  difficulty  in  pushing  the  sliding 
plate  in  through  the  coal ;  the  plate  running  in  a  groove,  its  edge 
would  occasionally  meet  a  piece  of  coal  and  it  would  be  jammed. 
That  was  avoided  in  the  grate  now  described,  because  the  sui'face 
of  the  curved  dead-plate  supporting  the  coal  in  the  charging  chamber 
was  made  continuous  with  that  of  the  piston  when  in  its  highest 
position. 

As  to  the  general  principle  of  supplying  coal  to  a  fire  from  below, 
he  thought  it  was  very  obvious  that  was  the  correct  plan ;  no  one 
would  think  of  lighting  a  tallow  candle  and  then  inverting  it.  The 
principle  of  the  introduction  of  the  fuel  at  the  bottom  seemed  to  be 
very  satisfactorily  carried  out  by  Mr.  Frisbie  in  this  grate.  In  the 
United  States  there  was  scarcely  a  glass  house  in  use  in  which  this 
grate  was  not  adopted ;  and  the  successful  inti'oduction  of  the  grate 
there  some  years  ago  had  induced  him  to  undertake  the  manufacture 
in  this  country. 
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The  President  moved  a  vote  of  thanks  to  Mr.  Walker  for  his 
paper,  which  was  passed. 


The  following  votes  of  thanks  were  then  moved  by  the  President 
and  passed : — 

To  the  Council  of  the  Midland  Institute,  for  so  kindly  granting 
the  free  use  of  the  Lecture  Theatre,  for  the  Meeting  of  the  Institution. 

To  the  Local  Committee,  for  the  excellent  arrangements  that 
had  been  made  for  the  Meeting. 

To  the  Proprietors  of  the  several  Works  visited  during  the 
Meeting,  for  their  kindness  in  opening  their  works  to  the  Members. 

To  the  Railway  Companies,  for  the  special  facilities  and  privileges 
granted  for  the  Excursions. 

The  Meeting  then  terminated. 


EXCURSIONS. 


On  Tuesday  afternoon,  18th  July,  the  Members  visited 
Nettlefolds'  Screw  Works  at  Smethwick,  where  the  process  of 
manufacture  of  wood  screws  was  shown.  The  length  of  wire  to 
form  the  screws  is  cut  off  by  machines,  which  also  upset  one  end  by 
a  blow  to  form  the  head.  These  "blanks"  then  pass  to  a  machine 
in  which  the  head  of  each  is  turned,  the  blank  being  held  in  a 
revolving  chuck,  and  the  tool  brought  up  to  it,  and  the  nick  is  then 
cut  across  the  head  by  a  small  circular  saw ;  the  supply  of  the 
blanks  to  the  machine  is  by  a  self-acting  feed,  and  the  chuck  holds 
and  releases  the  blank  by  self-acting  means.  After  being  sorted  and 
examined,  the  blanks  next  pass  to  the  screwing  or  "  worming " 
machine,  in  which  each  is  gripped  by  the  head  end  in  a  revolving 
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jaw ;  and  after  the  other  end  has  been  turned  off  to  a  point  by  one 
tool,  the  thread  is  cut  by  a  traversing  tool,  taking  a  succession  of 
cuts  of  increasing  depth.  As  soon  as  completed,  the  jaw  is  opened 
to  release  the  screw,  and  takes  hold  of  a  fresh  blank  by  self-acting 
means.  The  finished  sci'ews  are  cleaned  by  washing  in  revolving 
riddles  with  a  strong  solution  of  soda,  and  then  dried  in  shakei's, 
sorted,  examined,  and  packed.  The  screwing  shop  covers  about 
1|  acres,  and  contains  upwards  of  2000  machines,  turning  out 
altogether  about  half  a  million  screws  per  hour  ;  the  machines  being 
self-acting,  one  woman  can  attend  to  several  of  them,  having  only  to 
supply  the  hoppers  with  blanks  and  to  change  the  cutters  as  they 
become  worn. 

All  the  machines  and  tools  used  are  made  at  the  works,  and 
special  precautions  are  taken  to  ensure  accuracy  and  uniformity  in 
shaping  the  cutters  required  for  so  large  a  number  of  machines. 
These  are  formed  out  of  steel  rings,  turned  exactly  to  standard 
dimensions  and  then  divided  into  segments,  each  of  which  is  used 
as  a  tool  after  having  been  hardened  and  ground :  accuracy  of  angle 
in  the  grinding  being  ensured  by  fixing  the  cutter  in  a  slide-rest  that 
traverses  across  the  face  of  the  grindstone  at  the  correct  inchnation. 
The  small  circular  saws  employed  for  cutting  the  nicks  in  the  screw 
heads  last  on  the  average  for  cutting  about  1000  screws  each,  and 
consequently  a  fresh  supply  of  4000  to  5000  saws  per  day  is  required. 
The  saw  blanks  are  stamped  by  a  press  out  of  a  strip  of  steel,  and 
150  of  them  are  compressed  together  on  a  mandril;  the  whole  block 
is  then  turned  cylindrical,  and  placed  in  a  vertical  slotting  machine, 
having  a  number  of  cutters.  The  saws  are  then  hardened  and 
tempered ;  and  those  that  have  been  used  up  once  ai-e  softened 
and  re-cut  a  second  and   third  time. 

The  works  comprise  also  a  wire  mill,  a  bolt  and  nut  mill,  and  a 
nail  mill,  in  the  last  of  which  are  made  spikes  and  staples  &c.  out  of 
wire  bent  cold  at  one  operation,  at  the  rate  of  from  90  to  3G0  per 
minute  accox'ding  to  the  size.  The  driving  power  of  the  works  consists 
of  two  pairs  of  Corliss  engines,  with  28  in.  cylinders  and  4  ft.  stroke, 
running  at  about  58  rev.  per  min. ;  and  a  pair  of  horizontal 
compound  engines  with  22  in.  and  30  in.  cylinders,  and  3  ft.  G  iu. 
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stroke;  and  two  pairs  of  horizontal  condensing  engines  with  24  in. 
cylinders  and  3  ft.  6  in.  sti'oke.  The  Members  were  entertained  at 
luncheon  at  the  works  by  Mr.  Nettlefold. 


Messrs.  James  Watt  and  Co.'s  Engine  Works  at  Soho  were  also 
visited  by  the  Members,  where  four  large  pumping  engines  for  the 
South  Staffordshire  Water  Works  were  seen  in  process  of 
construction,  and  a  pair  of  pumping  engines  with  27  in.  cylinders 
and  3  ft.  stroke  for  the  Equilmalt  Graving  Dock  in  British 
Columbia ;  also  several  engines  of  various  sizes  for  London 
breweries,  and  a  compoimd  beam  engine  for  the  Worthing  Water 
works. 


On  Wednesday  afternoon,  19th  July,  the  Members  visited  the 
Small  Arms  Factory  at  Small  Heath,  and  the  processes  of  manufacture 
of  the  Martini-Henry  rifle  &c.  were  shown.  The  forgings  are  made 
in  dies  under  steam  stamps,  steam  hammers  being  employed  for  the 
larger  work,  such  as  the  steel  breech-bodies  of  the  Martini-Henry 
rifle ;  these  are  first  forged  solid  in  a  die,  and  then  punched  hot  from 
each  side,  leaving  only  a  small  fin  as  waste  in  the  centre  of  the  hole. 
The  bodies  are  shaped  by  a  series  of  revolving  cutters,  taking  both 
sides  at  once;  and  similar  cutters  or  "milling  machines"  are  used 
for  shaping  the  other  portions  of  the  work ;  several  hundreds  of 
these  machines  are  employed,  acting  upon  the  copying  principle,  and 
by  this  means  details  of  the  most  complex  shapes  are  finished  almost 
without  being  touched  by  hand,  and  all  the  work  is  made  in  exact 
duplicate  and  intei'changeable.  The  shaping  and  recessing  of  the 
gunstocks  is  performed  in  a  number  of  successive  operations  by  a 
series  of  copying  machines. 

In  the  boring  of  the  barrels,  after  being  bored  out  near  to  the 
gauge,  they  are  finished  by  long  square  steel  rimers  ground  very 
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truly  with  two  cntting  edges,  and  packed  with  a  thin  wood  strip  and 
one  or  more  liners  of  paper  :  the  rimering  being  repeated  if  necessary, 
■with  an  additional  liner  of  paper  interposed  between  the  rimer  and 
the  wood  packing-strip.  The  barrels  are  set  by  hand,  if  not  perfectly 
straight  after  boring ;  and  are  then  rifled  by  a  series  of  very  fine  cuts 
of  a  rifling  tool,  which  takes  from  5  to  20  cuts  for  each  groove  in 
succession. 

In  the  museum  of  the  factory  were  shown  specimens  of  the 
difierent  varieties  of  rifles  and  other  small  arms,  with  sets  of  details 
of  the  separate  parts,  and  the  gauges  used  in  their  examination. 


On  "Wednesday  evening  a  number  of  the  Members  and  their 
friends  dined  together  at  the  Royal  Hotel. 

On  Thursday,  20th  July,  an  Excursion  was  made  by  the 
Members  by  special  train  to  visit  the  Sandwell  Colliery  near 
Birmingham  ; — Earl  Dudley's  Lye  Cross  Colliery  ; — the  Hailstone 
Quarry  of  Mr.  T.  P.  Jones  near  Rowley  ;— Earl  Dudley's  Round  Oak 
Iron  Works  ; — and  Messrs.  Cochrane's  Woodside  Iron  Woi'ks,  near 
Dudley. 


The  Sandwell  Colliery  is  situated  on  the  Great  Western  Railway, 
3  miles  from  Birmingham,  on  the  eastern  boundary  of  the  South 
Staffordshire  coalfield,  and  underneath  the  lower  new  red  or  permian 
formation.  Until  the  present  company  undertook  to  prove  it,  no 
trial  sinking  had  been  attempted,  though  several  borings  had 
been  put  down  during  the  last  half  century  ;  none  of  them  however 
were  carried  deep  enough  to  prove  coal  or  even  coal  measures, 
and  great  interest  attaches  consequently  to  this  undertaking,  which 
has  succeeded  in  proving  the  Thick  coal  in  that  locality.  One 
borehole  put  down  forty  years  ago,  half  a  mile  east  of  the  present 
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pits,  was  carried  to  a  depth  of  about  220  yards,  and  then  abandoned ; 
but  experience  has  now  shown  that  had  it  been  carried  a  little 
deeper  the  coal  measures  must  have  been  struck.  It  was  not 
till  1870  that  the  San  dwell  trial  sinking  was  started,  on  the 
proposal  of  the  present  engineer  of  the  company,  Mr.  Henry 
Johnson,  and  in  1874  the  Thick  or  Ten- Yard  coal  was  reached, 
and  was  found  to  be  6  yds.  2  ft.  6  in.  thick.  The  second  shaft 
was  then  commenced,  and  reached  the  coal  in  If  years.  The  first 
or  trial  shaft  had  been  sunk  under  many  difficulties,  sometimes 
with  every  prospect  of  success,  and  at  others  with  almost  every  hope 
gone  ;  but  being  persevered  with  through  good  report  and  ill  report, 
it  resulted  in  the  pi'esent  success. 

The  first  pit  is  10  ft.  diameter  and  440  yds.  depth  to  the  bottom. 
The  Thick  coal  was  reached  at  418  yds.,  and  the  present  inset 
is  at  423  yds.  The  drivings  or  explorations  made  in  this  pit  while 
the  second  shaft  was  being  sunk  extend  about  1,000  yds.  to  the 
north,  60  yds.  to  the  south,  300  yds.  west  towards  the  old  coalfield, 
and  about  200  yds.  east  towards  Birmingham;  over  this  area  the 
coal  is  found  to  be  about  8  yds.  thick,  having  a  dip  due  east 
of  about  1  in  7.  The  second  pit  is  15  ft.  diameter,  belled  out 
at  the  bottom  to  20  ft.  and  groined  into  a  brick  archway,  which  is 
20  ft.  wide  and  16  ft.  high,  for  four  lines  of  tramway.  This  pit  will 
be  worked  with  two  steel  ropes  Ij  in.  diameter,  and  double- decked 
cages,  each  cage  carrying  four  tubs  with  15  cwt.  of  load  in  each, 
making  3  tons  of  coal  raised  per  trip.  The  cages  will  be  guided  by 
six  wire-rope  conductors  1|  in.  diameter. 

The  winding  engines  are  a  pair  of  horizontal  high-pressure 
direct-acting  engines,  made  by  Messrs.  Coupe  of  Wigan,  having 
36  in.  cylinders  with  6  ft.  stroke,  double-beat  equilibrium  valves,  and 
18  ft.  drums.  There  are  eight  plain  cylindrical  boilers,  5  ft.  6  in. 
diameter  and  40  ft.  length,  with  hemispherical  ends,  fitted  with  feed 
and  steam  indicators  in  duplicate,  and  fed  by  a  pair  of  donkey 
pumps  ;  the  stack  is  8  ft.  square  inside  throughout  and  203  ft.  high. 
A  tunnel  5  ft.  high,  passing  from  the  neighbouring  railway  cutting 
underneath  the  boilers  and  engine  house,  contains  all  the  blow-ofi" 
pipes  from  the  boilers,  and  serves  as  a  drain.     The  pit  frame  or  head 
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gear  to  the  15  ft.  pit  consists  of  four  uprights  60  ft.  high,  and  two 
sloping  legs  72  ft.  long,  of  pitch  pine  16  in.  and  14  in.  square,  well 
braced  together  and  carrying  a  pair  of  16  ft.  pulleys.  A  high-pressure 
hauling  engine  with  18  in.  cylinder  is  fixed  to  work  an  endless-chain 
tramway  to  a  wharf  on  the  Birmingham  Canal  about  600  yds. 
distant,  and  the  colliery  has  also  communication  with  the  Great 
Western  and  North  Western  Railways. 

The  water  at  the  colliery  is  now  very  little,  only  about  50  gall, 
per  min.,  but  in  sinking  the  first  shaft  it  was  about  250  gall,  per  min. ; 
the  pumps  lifting  230  yds.  are  in  three  sets,  all  bucket  lifts,  with 
working  barrels  13  in.  and  14  in.  diameter  and  6  ft.  stroke  ;  they  are 
worked  by  a  condensing  beam  engine  with  45  in.  cylinder  and  5  ft.  6  in. 
stroke,  supplied  with  steam  by  three  double-flued  Cornish  boilers 
7  ft.  6  in.  diameter  and  30  ft.  length. 


The  Lye  Cross  Colliery  is  situated  nearly  in  the  centre  of  the 
basaltic  mound  constituting  the  Rowley  Hills,  to  the  south-east  of 
Dudley,  and  forming  a  continuation  of  the  chain  of  silurian  hills, 
consisting  of  Sedgley,  Wren's  Nest,  and  Dudley  Castle. 

The  starting  of  this  colliery  was  the  first  attempt  to  sink  through 
the  basalt,  to  win  the  coal  known  to  be  lying  beneath  (although  at 
two  neighbouring  collieries  workings  had  been  previously  carried 
under  the  basalt),  and  was  an  undertaking  of  considerable  magnitude, 
as  it  was  not  known  what  thickness  of  basalt  covered  the  coal 
measures.  The  sinking  has  proved  thoroughly  successful,  the 
thickness  of  basalt  being  considerably  less  than  was  supposed, 
only  68  yards  of  basalt  having  to  be  sunk  through  before  the  rock 
forming  the  upper  portion  of  the  coal  measures  was  reached ; 
and  92  yards  further  down  (or  168  yards  from  the  surface)  the 
Two-foot  and  Brooch  coal  seams  were  struck,  and  50  yards  lower 
the  Thick  or  Ten- Yard  seam,  and  below  that  the  other  seams  in 
regular  succession,  as  in  other  parts  of  this  coalfield.  The  basalt 
was  followed  by  10  inches  of  natural  soil  of  a  dark  colour,  and 
under  this  was  the  ordinary  red  brick-clay  usually  found  in  the 
district  as  the  surface  clay. 
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The  Rowley  hills  owe  their  origin  to  an  outbm'st  of  basaltic 
lava  (whose  funnel,  or  poLat  of  emergence  from  below,  has  however 
not  yet  been  discovered)  having  spread  over  that  portion  of  the 
coalfield,  and  protected  it  from  the  denudation  which  elsewhere 
removed  some  of  the  upper  portion  of  the  carboniferous  strata. 
Dykes  and  sheets  of  intruded  igneous  rock  occur  between  the 
coal  seams  in  some  places,  similar  to  the  basalt,  except  that  there 
has  been  more  or  less  mutual  reaction  between  the  molten  basalt 
and  the  coal  measures,  whereby  the  former  has  become  "  green 
rock  "  and  "  white  rock,"  according  to  the  natui'e  and  extent  of 
the  change  it  underwent  whilst  cooling,  and  the  coal  has  become 
charred  for  several  inches  distance  fi'om  the  basalt. 

The  coal  measures  of  the  Staffordshire  coalfield  were  deposited 
on  a  floor  of  silurian  rocks,  peaks'  of  which  are  seen  protruding 
through  the  coal  measures  at  Sedgley,  Wren's  Nest,  and  Dudley 
Castle,  and  are  quarried  for  the  silurian  limestone  of  which  they 
consist.  The  actual  extent  of  the  Staffordshu'e  coalfield  is  not 
definitely  proved;  and,  as  sinkings  to  the  east  of  the  formerly 
supposed  boundary  of  the  coalfield  have  proved  that  it  extends 
further  and  further  eastwards,  under  the  permian  rocks,  there  seem 
some  grounds  for  supposing  that  it  will  ultimately  prove  to  be 
continuous  with  the  Warwickshire  coalfield. 

The  sinking  of  the  Lye  Cross  shafts  was  commenced  in  August 
1872  and  completed  in  July  1874.  The  downcast  shaft  is  12  ft.  6  in. 
diam.  in  the  clear,  and  the  upcast  8  ft. ;  they  are  sunk  through 
the  coal  to  a  depth  of  13  yds.  below  the  coal  before  forming  the 
"insets,"  which  are  at  the  right  level  to  meet  the  coal  (which 
forms  a  saddle,  dipping  in  both  directions  from  the  shaft)  at 
sufficient  distance  to  support  the  shaft  fii*mly,  namely  100  yds. 
from  bottom  of  shaft.  The  insets  are  13  ft.  high  and  25  ft.  width, 
with  four  lines  of  rails,  for  some  distance  from  the  shaft.  G-ate 
roads  have  been  driven  in  different  directions  to  the  extent  of 
3  miles.  The  upcast  shaft  is  sunk  to  the  same  level  as  the 
downcast,  but  the  air  drift  follows  the  rise  of  the  coal;  the 
shaft  has  a  brick  continuation  about  40  ft.  high  above  ground. 
Wire-rope  guides  are  used,  with  screw  adjustments  at  top  and 
bottom. 
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The  thickness  of  the  various  strata  passed  through  in  sinking 

the  shaft  was  as  follows : — 

Yds. 

Made  ground  and  surface  soil      .         .         .        H 

Rowley  Rag  or  Basalt 68 

Rock  and  Binds  .....  ^H 

Two-foot  and  Brooch  Coal 2 

Rock  and  Binds 48 

Thick  or  Ten- Yard  Coal 10 

Gubbin  Ironstone         .....       3 

Heathen  Coal         .......  2 

Whitestone  Rock  and  Measures  ...        7^ 

Pennystone  Measures       ....  3 

New  Mine  Coal  .         .* 1 

Fire  Clays  and  Binds       ....  13 
Bottom  Coal      ........       1 


258i 


The  first  3  yds.  of  the  Rowley  Rag  was  jDartiaUy  decomposed,  and 
the  rest  was  in  the  form  of  very  large  boulders,  the  outside  crust  of 
which  was  in  many  cases  much  decomposed.  When  this  bed  was 
nearly  passed  tkrough,  a  large  quantity  of  water  was  met  with,  which 
suspended  sinking  operations  for  about  thi'ee  weeks.  As  the 
coffering  for  keeping  back  the  water  was  required  to  extend  to  a 
depth  of  75  yds.,  and  there  was  no  sufficient  foundation  for  it,  4  ft. 
headings  were  then  driven  into  the  sides  of  the  shaft,  and  six  large 
oak  timbers  inserted  to  form  a  seating  for  the  curb  to  rest  upon, 
and  the  coffering  made  with  hydraulic  lime  effectually  kept  back 
the  water ;  this  lime  was  a  mixture  of  black  and  white  lime,  coke- 
dust,  and  clinkers  (without  ash),  ground  in  a  mortar  mill,  mixed 
with  water,  and  applied  hot.  The  brickwork  of  the  shaft  is  2  ft.  to 
3  ft.  thick  in  some  portions.  The  water  from  behind  the  coffering  is 
carried  down  into  the  pit  by  a  pipe  under  sufficient  pressure  for 
feeding  the  underground  boiler;  it  also  supplies  two  di'inking 
fountains  for  the  men.  The  water  is  remarkably  pure  and  fresh 
for   di-iuking;    when  first  drawn  it   contains  a  lai'ge   quantity    of 
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minute  aii*  bubbles,  giving  a  milky  appearance  to  the  water, 
which,  gradually  escape. 

The  roads  in  the  pit  are  very  wide  and  high,  and  heavily  timbered 
with  oak  16  X  14  in.  Underground  is  a  manager's  office  whei'e  the 
men  are  paid,  a  dining  room  for  the  colliers,  and  stables  for  the  pit 
horses. 

The  winding  engine  is  horizontal,  with  a  pair  of  cylinders, 
26  in.  diam.  and  6  ft.  stroke,  woi-king  to  about  240  H.  P.  The 
winding  drum  is  14  ft.  diam.  parallel,  and  is  fitted  with  a  powerful 
differential  steam  break,  which  is  worked  by  the  ordinary  foot 
treadle,  and  dispenses  entirely  with  the  ordinaiy  break.  Round 
wire  rope  is  used  1  in.  diameter.  The  pit  frames  are  45  ft.  high, 
with  pidleys  14  ft.  diam.  The  boilers  are  three  in  number,  plain 
cylindrical,  with  hemispherical  ends,  5  ft.  6  in.  diam.  x  39  ft.  long, 
and  working  at  a  pressure  of  40  to  50  lb.  per  sq.  in.  An 
underground  engine  is  used  for  hauliug  coal  up  an  incline  of 
17  in.  per  yd.  or  nearly  1  in.  2  from  the  lower  workings  to  the 
bottom  of  the  shaft;  horizontal  engine,  with  15  in.  cylinder, 
3  ft.  stroke,  winding  on  a  6  ft.  drum  with  a  round  wire  rope. 
Steam  is  supplied  by  an  underground  boiler,  plain  cylindiical 
with  hemispherical  ends,  4  ft.  6  in.  diam.  X  32  ft.  long,  working  at 
60  lb.  per  sq.  in.  The  flue  of  this  boiler  passes  into  the  upcast 
shaft,  thus  forming  the  furnace  for  the  ventilation  of  the  mine; 
but  an  auxiliary  furnace  is  provided,  which  can  be  used  to  assist 
the  ventilation  if  required. 

An  electric  signal  is  used  from  the  pit  bottom  to  the  engine  room 
at  the  surface,  and  from  the  underground  winding  engine  to  the 
bottom  of  the  incline,  worked  by  a  Leclanche  battery.  In  any 
case  of  a  tub  getting  off  the  rails  on  the  incline,  the  two  electric 
wires  are  ari'anged  to  make  contact  and  give  a  signal  for  stopping 
the  hauling  engine,  so  as  to  prevent  damage  to  the  road. 

The  colliery  is  worked  on  the  piUar  and  stall  system,  with  pillars 
10  yds.  square,  and  stalls  8  to  9  yds.  wide.  A  stall  about  80  yds. 
long  by  8  yds.  high  was  shown  specially  illuminated,  presenting  a 
striking  scene. 
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The  Members  were  entertained  at  luncheon  at  the  colliery  by 
Mr.  E.  Fisher  Smith. 


At  the  Hailstone  Quarry,  situated  on  the  slope  of  the  Rowley 
Hills,  basalt  or  "Rowley  Rag"  stone  is  worked  on  an  extensive 
scale,  with  a  face  of  about  75  ft.  height  extending  j  mile  length. 
The  basalt  is  of  a  very  compact  character  in  this  quai-ry,  and  does 
not  show  a  columnar  structure.  The  blasting  is  done  with 
gunpowder  in  preference  to  dynamite,  the  latter  having  been  found 
to  shatter  the  stone  to  a  greater  extent,  and  cause  a  larger 
proportion  of  slack.  The  stone  is  broken  by  heavy  hammers  into 
squared  blocks  of  various  sizes  for  use  as  pitching  and  kerbstones 
&c.,  and  the  slack  is  broken  up  for  road  metaUing. 


At  the  Round  Oak  Iron  Works,  three  of  the  Casson-Dormoy 
puddUug  furnaces  fired  with  coal  were  seen  in  use,  and  another  fired 
with  gas.  The  rabbles  are  worked  by  mechanical  means ;  and  air 
heated  by  passing  through  a  wrought-iron  casing  surrounding  the 
furnace  stack  is  forced  in  through  the  grate  by  a  blower,  and  in  the 
gas  furnace  a  further  supply  is  passed  through  passages  in  the 
crown  and  bridge  wall,  and  delivered  at  a  high  temperature  to  meet 
the  gas  on  entering  the  puddling  chamber,  producing  an  intense 
flame,  the  quality  of  which  is  regulated  by  adjusting  the  supply  of 
air.  The  gas  is  generated  in  a  producer  at  one  end  of  the  furnace, 
to  which  screened  slack  is  supplied  from  a  hopper  by  a  fluted  feed- 
roller.  The  pig  iron  has  a  preliminary  heating  between  the  puddling 
chamber  and  the  stack ;  and  the  waste  gases  are  utiHsed  by  passing 
through  a  horizontal  boiler  fixed  above  the  furnace  for  generating 
steam. 

The  forge  boilers  are  fired  by  Henderson's  mechanical  stokers, 
supplied  with  the  smallest  refuse  slack  direct  from  the  pits.  The 
slack  is  discharged  from  trucks  into  the  hoppers  of  the  stokers, 
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from  which  it  is  dehvered  by  a  feeding  roller  on  to  a  pair  of  rapidly 
revolving  horizontal  discs,  having  projecting  blades  that  distribute 
the  slack  over  the  fire  in  a  finely  divided  and  uniform  shower. 


At  the  Woodside  Iron  Works,  a  quantity  of  bridge  work,  roofing 
and  railway  iron  work,  was  seen  in  progress,  and  in  the  pipe  foundry 
the  casting  of  some  large  mains  of  36  in.  and  40  in.  diam.  for  the 
Manchester  Water  Works.  At  the  blast  furnaces  a  pair  of  Cowper's 
regenei'ative  hot-blast  stoves  were  seen  in  progress  of  construction, 
being  the  first  erected  in  South  Stafibrdshire ;  they  are  21  ft.  diam. 
and  57  ft.  high,  and  the  firebrick  regenerators  about  45  ft.  high. 
The  wrought-iron  casings  of  the  stoves  are  erected  without 
scaffolding,  by  means  of  a  circular  platform  inside,  suspended  from 
the  shell  itself  by  several  Weston's  pulleys :  the  pulleys  being 
shifted  up  one  by  one  when  a  new  ring  of  plates  has  been  added  all 
round,  the  platform  is  then  hauled  up  after  them.  A  circular 
projecting  rail  runs  all  round  the  top  of  each  •  stove,  from  which  is 
suspended  a  light  travelling  platform,  for  convenience  of  examination 
if  required.  The  blast  furnace  to  which  this  pair  of  stoves  is  to 
be  apphed  is  closed  at  the  top  with  a  bell  and  self-closing  gear, 
and  the  materials  are  raised  by  a  pneumatic  hoist  worked  by  the 
pressure  of  the  blast. 


On  Friday,  21st  July,  an  Excursion  was  made  by  the  Members 
by  special  train  to  visit  the  Dudley  Port  Limestone  Pit  of  Messrs. 
Dixon  and  Burne ; — Messrs.  James  Russell  and  Sons'  Crown  Tube 
Works  at  Wednesbury; — and  the  Needle  Works  at  Redditch  of 
Messrs.  Henry  Milward  and  Sons  and  Messrs.  Samuel  Thomas 
and  Sons. 
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The  Dudley  Port  Limestone  Pit  has  great  interest  attached  to  it, 
as  being  one  of  the  several  places  where  the  Dudley  or  Wenlock 
limestone  has  been  extensively  worked  below  the  coal  measures  of 
the  South  Staffordshire  district.  Previous  to  the  first  opening  of 
this  bed  of  limestone  at  Dudley  Port,  the  only  means  of  supplying 
the  blast  furnaces  with  limestone  for  smelting  purposes  was  confined 
to  the  outcrop  of  the  Wenlock  beds  at  Dudley  Castle,  Wren's  Nest, 
and  in  the  neighbourhood  of  Walsall.  Since  the  sinking  to  this  bed 
by  Jeavons  about  the  year  1825,  there  have  been  several  successful 
deep  sinkings  in  different  parts  of  the  coalfield.  The  Wenlock 
limestone  is  described  by  Jukes  as  forming  "  two  bands  of  solid 
concretionary  and  flaggy  limestone,  with  many  calcareous  nodules, 
concretions,  and  small  flaggy  beds,  both  between,  above,  and  below 
them.  It  contains  innumerable  characteristic  fossils;  indeed  the 
quarries  of  Dudley  are  the  most  famous  in  the  world  for  upper 
Silurian  organisms ;  shells,  corals,  encrinites  of  very  numerous  genera 
and  species,  and  trilobites,  are  all  in  a  state  of  perfection,  such  as  no 
other  locality  in  Britain  exhibits." 

At  Messrs.  Dixon  and  Bume's  pit,  Dudley  Port,  the  depth  from 
the  surface  to  the  bottom  of  the  Thick  coal  is  123  yds.,  and  at  a 
depth  of  186  yds.  below  the  surface  the  coal  measures  rest  slightly 
unconformably  upon  the  Wenlock  shale  (locally  called  "bavin"). 
This  shale  or  bavin,  intermixed  with  inferior  limestone,  is  34  yds. 
thick,  making  a  total  depth  of  220  yds.  from  the  surface  to  the  top 
of  the  grey  or  thin  limestone ;  thus  the  bavin  forms  the  roof  of  the 
limestone  workings.  This  grey  or  thin  bed,  which  is  used  principally 
for  smelting  purposes,  is  the  same  as  that  exposed  in  the  escarpment 
round  the  Dudley  Castle  and  Wren's  Nest  hills.  About  33  yds.  below 
this  bed  lies  the  blue  or  thick  limestone,  which  is  from  10  to  12  yds. 
thick,  and  is  used  for  making  lime  for  building  and  agricultural 
purposes.  This  latter  bed  is  not  usually  worked,  the  Earl  of  Dudley 
being  the  only  producer  of  it  in  this  district,  and  that  only  upon  a 
small  scale. 

The  grey  or  thin  limestone,  in  which  the  workings  visited 
are  situated,  is  from  8  to  12  yds.  thick,  and  for  the  most  part 
excessively  hard  and  crystalline,  containing  in  places  fine  specimens 
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of  crystallised  spar.  The  bed  is  worked  on  the  "pillar  and  stall" 
system,  with  pillars  14  yds.  square  generally,  but  considerably  less  in 
some  places,  and  stalls  14  yds.  wide,  the  full  thickness  of  the  bed 
being  worked  in  one  face  by  blasting  off  successive  portions  from  the 
bottom  upwards,  ladders  being  used  to  reach  the  upper  parts.  The 
thickness  of  the  seam  varies  suddenly  in  some  places:  the  seam 
being  apparently  folded  back  on  itself  at  one  part,  thus  changing 
the  thickness  suddenly  from  8  to  12  yds.  Springs  of  fresh  water, 
pleasant  to  drink,  occur  in  places  in  the  workings ;  and  water  is 
now  filling  the  lower  workings  and  rising  slowly,  so  that  pumping 
is  expected  to  be  required  before  long. 

The  shaft  is  about  240  ft.  depth,  and  partly  lined  with  brickwork; 
winding  engine,  an  old  tappet-motion  beam  engine ;  flat  hemp  rope, 
with  iron  cage  containing  a  single  iron  skip  for  limestone.  A  second 
shaft  is  used  for  raising  water  by  an  iron  bucket,  having  a  self-acting 
valve  at  bottom,  which  discharges  the  water  into  an  iron  launder 
run  across  the  pit  mouth. 

The  limestone  is  nearly  level  throughout  these  workings,  instead 
of  the  high  inclination,  fully  45°,  of  the  limestone  at  Wren's  Nest, 
which  has  consequently  to  be  worked  in  galleries  at  different  levels 
below  one  another.  The  excavations  of  this  pit  have  occupied  the 
last  25  years,  and  extend  over  an  area  of  15  acres,  presenting  a 
remarkable  effect  when  illuminated,  from  the  large  dimensions  and 
great  extent  of  the  excavations. 

The  workings  were  shown  specially  illuminated  on  the  occasion  of 
the  visit,  and  several  blasting  shots  were  fired. 


At  Messrs.  James  Russell  and  Sons'  Crown  Tube  Works, 
Wednesbury,  the  Members  were  shown  the  manufacture  of  wrought- 
iron  tubes  butt-welded  and  lap-welded.  The  tubes  are  made  from 
flat  strips  of  plate,  or  "  skelps,"  first  bent  up  hot  into  a  rough 
tubular  form  by  a  squeezing  machine,  one  portion  at  a  time,  or  by 
drawing  through  a  die  which  bends  up  the  whole  length  of  the 
skelp  at  one  operation  ;  the  rough  tubes  are  then  heated  for  welding. 

z2 
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The  butt- welded  tubes  are  drawn  out  of  the  furnace  at  a  welding 
heat  through  the  jaws  of  a  pair  of  draw-tongs  with  a  circular 
opening,  by  which  the  weld  is  closed,  half  the  length  of  the  tube 
being  welded  at  one  heat,  and  the  other  half  at  a  second  heat ;  the 
tubes  are  straightened  by  rolling  upon  a  table  under  the  pressure  of 
a  heavy  reciprocating  plate.  Small  tubes  are  made  by  this  process  up 
to  12  ft.  length  ;  and  for  the  manufacture  of  heating  or  refrigerating 
coils  and  still- worms  successive  lengths  are  welded  together  end  to 
end.  Coils  are  made  of  as  much  as  450  ft.  length,  the  tubes  being 
tested  by  hydraulic  pressure  both  before  and  after  coihng,  as  the 
coiling  puts  a  severe  strain  upon  the  weld. 

In  making  lap-welded  tubes,  which  are  made  of  larger  diameters 
up  to  as  much  as  16  in.  diameter,  the  skelps  are  bevelled  at  the 
edges,  and  welded  by  drawing  out  of  the  furnace  through  a  pair  of 
rolls  with  semicircular  grooves,  forming  a  circle  of  the  required 
diameter  for  the  tube,  in  the  centre  of  which  is  the  head  of  a  long 
mandril,  and  the  welding  is  rapidly  eflfected  by  the  compression 
between  the  mandril  head  and  the  rolls.  The  mandril  is  of  slightly 
smaller  diameter  than  its  head,  which  is  loose  upon  it;  and  when  the 
welding  is  completed,  the  head  falls  off,  and  the  mandril  is  then 
readily  withdrawn  from  the  tube.  In  the  smaller  sizes  of  lap- welded 
tubes  the  skelps  are  drawn  through  a  die,  which  bends  them  into 
shape  and  effects  the  welding  in  one  operation.  Steel  tubes  are  also 
made  in  the  same  way  as  the  iron  tubes,  extra  care  and  skill  being 
applied  to  secure  good  welds.  The  furnaces  throughout  the  works 
are  all  fired  by  gas  supplied  from  a  set  of  Siemens  gas  producers. 

The  straightening  of  the  larger  sizes  of  tubes  is  done  between 
three  rolls  revolving  together  and  rather  longer  than  the  length  of 
the  tube,  which  is  laid  longitudinally  between  the  rolls,  and 
straightened  by  gradually  screwing  down  the  top  roll  to  press  upon 
it  as  it  rotates.  Short  curved  elbow  pipes  of  small  size  are  bent  in 
dies  under  a  stamp,  and  larger  sizes  in  a  screw  press;  plain  and 
flanged  sockets  for  screwing  or  welding  upon  the  ends  of  the  tubes 
are  also  shaped  under  stamps.  The  testing  of  the  tubes  is  done  by 
70  lb.  sfcam  for  the  gas  tubes,  and  for  the  steam  tubes  by  hydraulic 
pressure  to  a  minimum  of  500  lb.  per  inch. 
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The  Members  were  entertained  at  luncheon  at  the  works  by 
Mr.  Joseph  Smith. 


At  the  Redditch  Ifeedle  Works  the  series  of  processes  in  the 

manufactui'e  of  needles  was  shown.     The  steel  wu*e  is  supplied  in 

coils  from  1200  to  3000  yds.  length  each,  according  to  thickness  of 

wire,  varying  from  ^V  i^-    ^^  tsv  ^'  ^o^  sewing  needles ;  and  the 

following  are  the  successive  processes. 

Gidting  into  lengths  of  2  needles  each,  in  bundles  cut  by  hand-shears 
or  cut  separately  in  self-acting  machines. 

Annealing  in  a  furnace  in  bundles  held  together  by  a  pair  of  rings 
3  in.  to  5  in.  diameter. 

Euhhlng  for  straightening  whilst  hot  from  the  annealing  furnace ;  by 
rolling  the  wires  over  one  another  by  hand  pressure  on  an 
ii'on  table  whilst  remaining  in  the  rings,  the  wires  are 
made  to  straighten  each  other. 

Pointing  on  grindstones  of  special  quahty  from  Frankfort, "running 
at  high  speed,  the  wires  being  made  to  rotate  whilst 
grinding,  formerly  between  the  hands  of  the  workman,  now 
between  two  india-rubber  bands  travelling  over  a  grindstone 
with  concave  face  ;  the  steel  dust  from  the  grinding,  formerly 
very  injurious  to  the  health  of  the  workmen,  is  now  all 
removed  by  an  exhausting  fan  through  a  pipe  leading  from 
each  grindstone.  The  wires  are  pointed  at  the  two  ends 
successively. 

Stamping  the  gutter  for  the  eyes  by  a  falling  die  worked  by  the  foot ; 
forming  the  heads  and  marking  the  position  of  the  eyes  of 
the  two  needles  in  the  centre  of  each  wire. 

Fiercing  the  eyes  by  a  pair  of  punches  in  a  hand  screw-press ;  these 
punches  are  of  special  delicacy  in  make  and  adjustment. 

Tool  mahing  for  the  eyeing  processes,  of  special  interest. 

Spitting  or  threading  a  number  of  the  needles  upon  a  pair  of  fine 
wires. 

Filing  to  remove  the  bui'r  made  in  stamping  the  heads. 

Breaking  the  needles  apart  at  the  thin  fin  left  between  their  heads. 
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Heading,  rounding  the  heads  by  filing,  special  care  being  required  to 
avoid  weakening  the  eyes. 

Hardening,  by  heating  the  needles  in  small  iron  trays,  and  dropping 
them  into  oil,  care  being  taken  that  the  needles  are  separated 
in  the  act  of  dropping,  to  ensure  each  being  hardened, 

Temperi7ig,  by  heating  on  a  hot  plate  or  in  a  stove  to  the  required 
temperature. 

Hammer-straightening  by  hand  on  small  anvils,  to  remove  any 
warping  caused  by  hardening. 

Scoicritig,  by  making  a  i*oll  of  needles  mixed  with  soft  soap,  emery, 
and  oU,  and  wrapped  in  strips  of  canvas  tied  up  at  the  ends, 
making  rolls  about  2  ft.  in  length  and  3  in.  diameter,  which 
are  then  rolled  backwards  and  forwards  under  runners 
worked  by  cranks  di-iven  by  the  engine  ;  the  process  is 
continued  for  8  hours,  the  needles  getting  scoured  by 
rubbing  against  one  another.  This  process  is  repeated 
from  2  to  8  times,  according  to  the  quality  of  the  needles 
the  finishing  scouring  being  with  putty  powder.  The  needles 
are  washed  in  soap  suds  after  each  scouring. 

Evening  and  heading,  to  arrange  the  points  all  one  way,  by  a 
dexterous  motion  of  the  hand,  after  shaking  the  needles 
parallel  in  a  small  tray. 

Picking,  to  pick  oat  defective  needles  with  imperfect  points  or  eyes, 
or  not  perfectly  straight,  etc. 

Blueing,  to  soften  the  eyes  by  traversing  the  needles  over  a  gas 
flame. 

Drilling,  for  "  drilled  eyed "  needles,  to  smooth  the  eye  on  each 
face,  by  a  fine  countersink  drill :  the  preparation  of  the 
drills  being  a  matter  of  great  nicety. 

Burnishing,  by  stringing  the  needles  on  horizontal  wires  carried 
upon  a  frame  that  has  a  reciprocating  movement,  giving 
a  constant  swinging  motion  to  the  needles  that  smooths 
the  eyes  by  the  rubbing  on  the  wii'es,  which  have  serrated 
surfaces. 

Giinding  for  finishing  the  heads  and  points,  on  small  grindstones 
running  at  very  high  speed ;  a  number  of  needles  are  held 


July.  EXCURSIONS.  343 

in  a  single  layer,  and  rolled  together  between  the  finger  and 
thumb  of  the  workman. 
Polishing,  by  a  similar  process  on  emery  buff  rollers. 
Papering  and  Packing  for  sale. 

The  manufacture  of  needles  for  the  world  is  carried  on  mainly  at 
Redditch  in  England  and  Aix-la-Chapelle  in  Germany. 

The  Members  were  entertained  at  luncheon  by  Messrs.  Milward. 


On  Saturday,  22nd  July,  the  Birmingham  Corporation  Sewage 
Works  at  Saltley  were  visited.  These  works  were  constructed  and 
carried  out  from  the  designs  and  under  the  superintendence  of 
Messrs.  T.  and  C.  Hawksley  ;  the  sewage  farm  in  connection  with 
them  occupies  an  area  of  266  acres  of  land  in  the  Tame  Valley. 
The  sewage  delivered  by  the  two  main  sewers  is  treated  with  a 
mixture  of  lime  and  water  to  the  extent  of  from  12  to  14  tons 
of  lime  per  day,  the  mixture  being  made  in  two  lai'ge  circular  tanks 
with  revolving  stirrers  driven  by  an  engine ;  the  water  used  is 
pumped  up  from  the  main  sewer.  After  this  lime-water  is  poured 
in,  the  sewage  flows  on  l-3rd  mile  further  through  the  sewers  to 
their  outlet,  and  during  the  passage  the  lime  becomes  thoroughly 
blended  with  the  sewage,  and  produces  a  flocculent  condition  of  its 
solid  contents,  causing  the  heavier  portion  to  sink  rapidly  to  the 
bottom  of  the  large  settling  tanks,  of  which  there  are  two,  worked 
alternately,  each  330  ft.  long,  90  ft.  wide,  and  5  ft.  6  in.  deep.  The 
large  settling  tanks  are  divided  across  into  sections.  In  the  first 
sections  the  grosser  solid  matter's  settle  at  once  to  the  bottom, 
and  in  the  lower  sections  the  sewage  loses  a  further  part  of  the  less 
dense  matters,  and  then  flows  over  the  edge  in  the  condition  of 
water,  holding  in  suspension  the  finer  matter,  which  however  is  in 
quantity  very  considerable.  It  is  then  conducted  into  a  series  of 
16  secondary  tanks,  each  150  ft.  long,  50  ft.  wide,  and  5  ft.  6  in. 
deep,  where  a  further  settling  is  efiected;  and  the  effluent  water 
from  these  tanks  is  discharged,  devoid  of  smell  and  nearly  colourless, 
into   the   river   Tame.      A  small   portion  of   the  efiluent  water  is 
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further  purified  by  intermittent  downward  filtration  through  land 
irrigated  by  it,  and  the  water  flowing  from  the  deep  drain  pipes  of 
this  land  is  clear  and  tasteless.  In  the  channel  between  the 
roughing  and  finishing  tanks  it  was  Messrs.  Hawksley's  intention 
to  introduce  a  small  quantity  of  the  crude  acid-sulphate  of  alumina, 
for  the  purpose  of  fixing  the  remaining  ammonia,  of  mordanting 
itself  with  any  residual  colouring  matter,  and  of  producing  a  further 
precipitate  in  addition  to  the  deposition  of  the  finer  matters  which 
have  escaped  from  the  roughing  tanks.  It  has  been  ascertained 
that  by  this  addition  a  pellucid  effluent  may  be  obtained ;  but  it  has 
not  as  yet  seemed  necessary  to  have  recourse  to  this  refinement, 
inasmuch  as  the  existing  effluent  is  in  a  better  condition  than  is  the 
water  of  the  river  Tame,  into  which  it  is  discharged. 

The  bulk  of  the  sewage  sludge  deposited  in  the  tanks,  amounting 
to  from  350  to  400  tons  per  day,  is  disposed  of  by  double-digging 
into  the  land,  the  extent  of  land  thus  treated  being  such  that  it 
takes  three  years  to  dig  over  the  whole.  A  small  amount  however 
is  dealt  with  by  General  Scott's  process  for  producing  Roman 
cement.  A  portion  of  the  sludge  from  the  tanks  is  also  being 
experimentally  dealt  with  by  concentrating  it  in  Fryer  and  Alliott's 
mechanical  subsider,  which  separates  the  solid  matter  by  centrifugal 
force,  causing  it  to  accumulate  round  the  sides  of  a  rapidly  revolving 
vessel,  while  the  liquid  portion  drains  off;  the  sludge  consists 
originally  of  about  90  per  cent,  of  water  with  only  about  10  per 
cent,  of  solid  matter,  and  by  this  treatment  it  is  sought  to  remove 
70  or  80  per  cent,  of  the  water,  so  as  leave  the  solid  matter  in  a 
condition  resembling  plastic  clay,  in  which  state  it  can  be  sold  as 
manure.  Mechanical  works  for  pumping  and  otherwise  dealing 
with  the  sludge  are  about  to  be  erected. 

The  rye  grass  grown  on  the  farm  averages  13  to  14  tons  per 
acre  at  each  cutting,  and  several  cuttings  are  obtained  each  year. 
After  each  cutting,  the  land  is  immediately  irrigated  thoroughly  with 
sewage ;  and  in  about  three  weeks  the  next  crop  is  generally  ready 
for  cutting. 
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A  number  of  Works  in  the  neighbourhood  were  also  opened  to 
the  visit  of  the  Members. 
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PllOCEEDINGS 


October  1876. 


The  Autumn  Meeting  of  the  Members  was  held  in  the  Memorial 
Hall,  Albert  Square,  Manchester,  on  Wednesday,  2oth  October, 
1876  ;  Thomas  Hawkslet,  Esq.,  President,  ia  the  Chaii'. 

The  IMLnutes  of  the  last  Meeting  -were  read  and  confirmed. 

The  Pkesidext  annonnced  that  the  Ballot  Lists  had  been  opened, 
and  the  following  New  Members  were  found  to  be  duly  elected  : — 

« 

MEMBERS. 

Charles  James  Allport,        ....  Sheffield. 
Stephen  Willum  Challen,       .       .       .      BirmLugham. 

Thomas  Joseph  Dawson, Fence  Houses. 

Ralph  Darling  Gtrundt,     ....      Wigan. 

Thomas  Heppell, Chester- le- Street. 

Henry  James  Jackson,        .       .       .       •      London. 

Thomas  Lishman, Fence  Houses. 

Richard  Muirheap, Chatham. 

William  Manfield  Newton,  ....  London. 
Henry  James  Taylor  Piercy,   .       .       .       Bir-mingham. 

Henry  Poole y,  Jun., Liverpool. 

James  William  Restler,    ....      London. 

Henry  Shield, Liverpool. 

Thomas  Ferdinand  Walker,      .       .       .      Bu-mingham. 

Willia:\i  Meese  Ward, Tipton. 

Tho^ias  Wood, Fence  Houses. 

GRADUATE. 

George  Charles  Mickleburgh  Owen,       .  Manchester. 

A  3 
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Oct. 


The  President  announced  that  the  President,  Vice-Presidents, 
and  five  Members  of  the  Council  in  rotation,  would  go  out  of  ofi5.ce 
in  the  ensuing  year,  according  to  the  rules  of  the  Institution ;  and 
that  at  the  present  meeting  the  Council  and  Officers  were  to  be 
nominated  for  the  election  at  the  Anniversary  Meeting  in  January 
next. 

The  following  Members  were  nominated  by  the  Meeting  for  the 
election  at  the  Anniversary  Meeting  : — • 

FRESIDENT. 

Thomas  Hawksley, London. 

TICE-PRESILENTS. 

(Sia;  of  the  number  to  he  elected.) 

I.  LowTHiAN  Bell,  M.P.,  F.R.S.,        .       .  ^Middlesbrough. 

E.  Hamer  Carbctt, Bradford. 

Jeremiah  Head, Middlesbrough, 

John  Hick,  M.P., Bolton. 

Henry  H.  Laird, Birkenhead. 

Walter  May, Birmingham. 

WiLLL&M  Menelads, Dowlais. 

John  Robinson, Manchester. 

Charles  P.  Stewart, London. 

Francis  W.  Webb, Crewe. 

Percy  G.  B.  Westmacott,      ....  Newcastle-ou-Tyue. 

coimciL. 
(Five  of  the  nuiuher  to  be  elected.) 

Charles  E.  Amos, London. 

ANTHONr  Bower, Liverpool. 

Willum  Clay, Birkenhead. 

Charles  Cochrane, Stourbridge. 

Edward  A.  Cowper, London. 

Edward  Easton, London. 

Thoxlas  R.  Hetherington,      ....  Manchester. 

Edward  B.  Marten, Stourbridge. 

John  Penn,  Jdn., London. 

William  Richardson, Oldham. 

Henry  Sharp, Boltuu. 


Oct. 
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A  notice  was  given  by  Mr.  C.  Cochrane  to  move  at  the  next 
Anniversary  ]\Ieeting  tlie  following  resolution  : — 

That  the  business  and  house  of  the  Institution  be  removed  to 
London. 

A  notice  was  given  by  Mr.  A.  Paget  to  move  at  the  next 
Anniversary  Meeting  the  following  resolutions  for  alteration  of  the 
Rules  and  Bye-laws  : — 

To  enable  the  Council  to  increase  the  number  of  meetings. 

The  chair  to  be  taken  at  such  hour  as  the  Council  may  direct 
from  time  to  time.     (Bye-law  1,  part  1.) 

Each  member  to  have  the  privilege  of  introducing  one  friend  to 
any  of  the  meetings,  except  during  such  portions  of  any  meeting  as 
may  be  devoted  to  any  business  connected  with  the  management  of 
the  Institution,  when  visitors  shall  be  requested  by  the  President  to 
withdraw  if  any  member  wishes  this  to  be  done.     (Bye-law  2.) 

Communications  approved  by  the  Council  to  be  read  by  the 
Secretary  or  the  vrriter  of  the  paper  if  he  prefers  to  do  so.  (Bye-law 
1,  part  4.) 

To  change  the  method  of  enabling  the  members  to  correct  the 
reports  of  discussions  in  the  "proceedings." 

To  change  the  practice  with  regard  to  making  the  large-scale 
drawings  for  the  papers  read  at  the  meetings. 


The  following  paper  was  then  read  : — 
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OX  THE  OPEN  SPRAT   TUYERE 
AXD    OTHER   BLAST-FURNACE   TUYERES. 


By  Mr.  FRANCIS  H.  LLOYD,  of  Wednesbuey. 


The  practice  of  blast-furnace  engineers  and  managers,  as  to 
the  dimensions  and  shape  of  the  Tuyeres  tliey  adopt,  varies  greatly 
in  different  districts ;  but  until  recently  all  the  tuyeres  in  use,  since 
the  introduction  of  hot  blast  first  necessitated  a  water  tuyere,  may 
be  classed  under  two  heads,  namely  the  coiled  tuyere  and  the 
water-jacketed  tuyere.  Various  tuyeres  on  both  systems  will  be 
briefly  noticed,  but  the  principal  object  of  this  paper  is  to  describe 
the  Open  Spray  Tuyere  invented  by  the  wi'iter,  for  which  important 
advantages  over  either  of  the  systems  previously  in  use  are  claimed. 

The  coiled  tuyere  is  generally  made  of  a  coil  of  wrought-iron  tube 
embedded  in  the  sides  of  a  hollow  cone  of  cast  iron,  as  shown  in 
section  in  Fig.  1,  Plate  53.  Sometimes  the  coUs  are  wound  close  at 
the  nose  of  the  tuyere,  in  order  more  effectually  to  prevent  the 
cast  iron  from  bui'ning ;  and  sometimes  the  tuyere  itself  is  formed 
entirely  of  a  coil  of  tube,  closely  wound  from  end  to  end.  This  form 
of  tuyere  is  illustrated  in  Fig.  2,  showing  the  coil  in  section. 

The  water- jacketed  tuyere  is  generally  made  of  wrought  iron, 
and  consists  of  two  conical  tubes  of  different  diameter,  connected  at 
each  end  by  rings  of  wrought  iron  welded  in,  so  forming  a  space 
between  the  two  concentric  walls  of  the  tuyere,  which  is  filled  with 
water  supplied  under  pressure  and  generally  brought  in  through  a 
feed  pipe  at  or  near  the  bottom  of  the  tuyere,  and  allowed  to  escape 
through  a  second  pipe  in  the  upper  side.  Tuyeres  of  this  description 
are  illu^•tl••.ltod  in  Figs.  3,  4,  5,  and  6 ;  Fig.  3  illustrating  the  ordinary 
wrought-iron  tuyere,  and  Fig.  4  the  gunmetal  tuyere,  on  the  use  of 
which  a  paper  was  read  before  this  Institution  in  1865  by  Mr.  Solly, 
■who  first  introduced  tuyeres  of  this  description. 
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Fig.  5  illustrates  a  water- jacketed  tuyere  of  a  kind  which  is  very 
much  used  on  the  Continent ;  it  is  made  of  wrought  copper,  the 
inner  tube  being  brazed  in,  and  a  wrought-irou  ring  either  brazed 
or  riveted  in  at  the  rear  end. 

Fig.  6  illustrates  the  phosphor-bronze  tuyere.  These  tuyeres  are 
generally  fixed  in  a  cast-iron  casing  or  box,  beyond  which  they 
project  into  the  furnace  for  the  greater  part  of  their  length,  and  they 
are  so  arranged  that  they  can  be  turned  round  in  the  cast-ii'on  plate 
or  box  in  order  to  expose  a  different  side  of  the  tuyere  to  the  action 
of  the  materials  in  the  furnace.  Greater  durability  is  claimed  for 
phosphor-bronze  than  for  gtinmetal  or  copper,  but  each  metal 
possesses  the  same  advantage  of  preventing  adherence  of  slag,  scoria, 
or  ii'on  to  the  nozzle  of  the  tuyere,  which  is  the  only  object  to  be 
gained  by  the  use  of  copper  or  its  alloys  in  preference  to  iron. 
Additional  precautions  as  to  water  supply  have  to  be  taken  where 
such  metal  is  used,  as,  owing  to  the  low  tem^Derature  at  which  it 
melts,  a  tuyere  may  be  more  raj^idly  destroyed  than  an  iron  tuyere 
where  any  overheating  is  possible ;  but  under  favourable  conditions 
gunmetal,  copper,  and  phosphor-bronze  tuyeres  have  all  been 
found  very  durable,  and  the  advantage  gained  by  keeping  the  blast 
nozzle  always  clean  and  fully  open  is  an  important  one. 

Fig.  7  shows  a  modification  of  the  wrought-irou  water- jacketed 
tuyere,  introduced  by  Mr.  Hodgetts,  in  which  the  supply  pipe  is 
made  to  deliver  its  water  round  the  nose  of  the  tuyere  through  a 
series  of  perforations,  and  the  return  water  is  made  to  flow  round 
the  tuyere  casing  by  a  fiUet  placed  on  the  inner  tube,  as  shown  in 
the  drawing.  This  tuyere,  like  the  ordinary  water- jacketed  tuyere, 
is  close  at  the  back,  and  is  kept  full  of  water. 

The  Open  Spi'ay  Tuyere  invented  by  the  wi'iter  of  this  paper  is 
shown  in  Fig.  9,  Plate  54,  with  the  blast  pipe  connected ;  in  the  end 
view.  Fig.  8,  the  blast  pipe  is  broken  off  so  as  to  show  the  tuyere 
more  plainly. 

This  tuyere  consists  of  two  concentric  conical  tubes,  closed  at  the 
nozzle  but  open  at  the  rear  end.  The  water  supply  is  connected  in 
the  usual  manner  with  a  flexible  hose,  and  various  systems  of  spray 
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pipes  arc  usnl  In  suifc  vni-idiis  sliapos  of  tnyoros  and  various 
conditioiis  of  wafer  supply.  Kitjfs.  IM  i.n  'Jl,  Plale  r»(i,  i'epres(>iif. 
wroni^ht-iron  tuyeivs  on  Lliis  sysiem ;  l''i,!^i^-  22  and  2.'{  an  open 
spray  fnyero  of  maJleablc  cast  iron;  Fij^s.  14  and  l/i,  Plato  !")!),  a 
small  Lj^nnnietal  open  spray  in^'crc.  Fign.  lO  f,o  II]  illusfrafo  tliu 
open  spray  tuyere  of  standard  dimensions,  sliowin^  also  a  eompleto 
section  of  the  tuyere  in  Fig.  !.'{. 

Figs.  Ill  and  17. show  a  wrout^rht-ii-on  tuyere  with  an  improved 
gunmetal  or  bra.sa  fitting,  and  with  brass  or  copper  Hpray  ])ipes. 
Although  iron  spray  pipes  are  now  extensively  used,  and  no  fault 
has  been  found  with  them,  they  are  liable  to  rapid  corrosion ;  and 
the  use  of  brass  or  copper  pipes  is  found  to  bo  an  improvement, 
whilst  the  additional  cost  is  very  trifling.  The  drawing  illustrates 
the  action  of  the  spray,  and  is  shown  partly  in  section  for  this 
purpose.  A  set-pin  may  be  used,  as  shown,  to  prevent  the  spray 
pipes  being  accidentally  displaced.  It  has  been  found  advaidageous 
to  turn  the  nozzle  of  the  tuyeres  in  some  cases;  by  this  menus  the 
adherence  of  scoria,  or  what  is  commonly  known  as  "ironing'',"  is 
to  a  gi'cat  extent  jirevented,  and  the  tuyeres  are  thereby  rendered 
more  durable. 

The  form  of  spray  pipe  shown  in  tlie  illustrations.  Figs.  10  to  13, 
and  18  to  21,  consists  of  three  tubes  slightly  flattened  towards  the 
point,  and  in  some  cases  shaped  or  bent  to  suit  the  shaj)e  of  the  tuyere. 
These  three  tubes  are  joined  by  a  wrought-iron  fitting,  which  is 
connected  by  a  fourth  tube  with  the  water  supply.  The  spray  pipes 
are  made  either  of  wrought  iron,  brass,  or  copper,  and  a  sufficient 
amount  of  water  is  allowed  to  escape  through  small  holes  or  slits 
in  the  pipes  to  protect  every  part  of  the  tuyere  casing  wliich  is 
exposed  to  the  heat  of  the  furnace.  In  Fig.  2.3  the  spray  pipe  is 
shown  with  the  two  side  pipes  bent  back  and  plugged  at  the  ends 
with  wooden  plugs,  which  may  be  removed  occasionally  if  it  is  thouffht 
desirable  to  clear  the  spray  ])ipe  from  any  sediment.  The  spray  or 
jet  of  water  from  each  hole  in  tlu;  s])ray  pipe  s])reads  over  a 
considerable  surface,  and  a  small  iinnd)cr  of  holes  is,  if  they  an? 
properly  [)l:iced,  sufficient  to  keep  the  whole  interior  surface  of  tlio 
tuyere  casing  constantly  wi!t.     Scarcely  any  steam   is  visible,  and 
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tlio  waste  Wiitor  pasHOH  away,  aftor  cooling  tlio  tuyere,  at  a 
toiupcu'atiirc!  Iittl(!  fX(;t!('(lIii<^  i,liat  at  wlii(Oi  it  (!iit(!r(!(l,  iiiiI(!HH  a  largo 
portion  of  tlm  tii_y(!i'(!  is  cxpos('<l  to  violi'iil;  liciii,  in  vvliifli  cjiho  the 
toiupuraturu  of  tho  wasto  water  is  ecirtaiiily  no  greater  tliaii  it  would 
be  from  a  tuyere  of  tho  old  systeui.  placed  under  the  same  ('onditioiis. 
Tho  spray  is  principally  directed  to  tho  nose  end  of  tlie  tiiycsre  jiiid 
beats  back  to  some  extent  on  tlio  top  and  sides,  which  are  also 
protected  by  a  sunicient  number  of  additional  sprays  from  holes 
drilled  in  the  pipes.  The  water  falls  round  tho  sides  iuid  end 
of  the  tuyere,  and  escapes  from  the  back  at  the  bottoin  tlirongli 
tho  waste  water  pipe,  as  shown  in  the  drawing. 

Tho  same  amount  of  water  which  is  used  in  water- jacketed  oy 
coiled  tuyeres  is  found  amply  sunicient  to  protect  spray  tuyeres, 
and  it  is  only  in  exccsptional  cases  that  it  is  found  desirable  to  use 
more  water  than  would  bo  required  by  other  tuyeres.  It  is  possible 
to  protect  the  tuyere  by  this  system  with  less  water  than  is  recjulrcul 
to  protect  a  coiled  or  close  water  tuyere;  but  in  most  cases  v.liero 
those  tuyeres  have  boon  adopted  no  change  whatever  has  been 
made  in  tho  connections  regulating  the  amount  of  water  supj)ly. 

In  cases  whore  tuyeres  on  the  old  system  are  durable,  those  spray 
tuyeres  are  found  to  bo  equally  so  under  tho  same  conditions ;  but 
where  tuyeres  on  the  old  system  have  been  giving  considerable 
trouble  and  lasting  only  a  few  days,  or  at  the  most  weeks,  tho  spr;iy 
tuyeres  have  in  many  instances  proved  far  more  durable  than  those 
previously  used.  In  some  cases  where  tuyeres  required  renewal 
almost  every  week  when  coils  wore  used,  spray  tuyeres  have  lasted 
many  months. 

Tho  durability  however  of  those  tuyeres,  though  now  sufliciently 
proved,  is  not  their  main  advantage.  Like  all  others,  any  (hjrangement 
or  choking  of  tho  water  supply  will  cause  them  to  burn  out ;  and  in 
common  with  all  otlior  tuyeres  they  are  liable  to  some  of  tho 
accidents  which  will  be  referred  to.  It  is  under  such  unfavourable 
circumstances  that  the  advantages  of  those  tuyeres  are  most  ai)paront. 
If  a  small  hole  be  made  in  tho  side  or  end  of  tho  tuyere,  cither 
from  "  drilling  "  or  stoppage  of  water  supply,  or  any  other  cause, 
it     is    still    impossible    for     water    to    escape     int(;     the     furnace. 
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Frequently  a  tuyere  that  is  heating  may  be  saved  by  shaking  or 
adjusting  the  spray  pipe ;  but  even  if  the  end  of  the  tnyere  is  entirely 
burnt,  it  is  still  impossible  for  water  to  flow  into  the  furnace,  as  the 
blast  will  at  once  escape  through  any  aperture,  be  it  small  or  large, 
and  consequently  blow  back  any  spray  through  the  open  end  of  the 
tuyere  casing.  If  the  hole  is  small  and  the  damage  is  detected  in 
time,  the  adjustment  of  the  spray  pipe  will  often  cause  it  to  iron  up. 
If  too  large  for  this,  there  is  still  no  necessity  for  haste  in  removing 
the  tuyere,  as  the  escape  of  blast  through  the  aperture  drives  back 
the  spray  and  prevents  the  possibility  of  any  harm  or  danger,  such 
as  would  result  from  the  fall  of  this  water  into  the  furnace. 

When  a  spray  tuyere  is  damaged,  it  can  generally  be  repaired 
after  removal  by  welding  a  small  piece  of  iron  on  the  damaged  part ; 
or  in  the  case  of  gunmetal  or  copper  tuyeres,  a  piece  may  be  tapped 
or  brazed  in  and  the  tuyere  made  as  good  as  new,  at  a  very  trifling 
expense. 

Tlie  principal  causes  of  injury  to  water  tuyeres  of  all  kinds  may 
be  enumerated  as  follows  : — 

1. — The  stoppage  of  supply  pipes  through  incrustation,  or  from 
the  deposit  of  mud,  shells,  dirt,  or  vegetable  matter  accumulating  in 
the  tank  or  reservoir  from  which  the  water  supply  for  the  tuyeres 
is  obtained. 

2. — "  Drilling,"  caused  by  the  constant  dropping  of  metal  or  slag 
on  an  exposed  part  of  the  tuyere,  which  in  the  course  of  time  forms 
a  hole  in  the  surface  exposed  to  it.  Where  a  defect  arises  from 
this  cause,  it  will  be  found  in  the  upper  side  of  the  tuyere. 
"  Drilling "  is  also  caused  by  molten  metal  or  slag  attacking  the 
nozzle  and  the  lower  surface  of  the  tuyere ;  this  may  arise  from  the 
defective  working  of  a  furnace,  where  the  contents  of  one  side  of 
the  hearth  have  become  partially  solidified,  and  there  is  no  regular  fall 
or  "  sink "  of  materials.  In  this  case  the  molten  metal  or  slag 
being  unable  to  get  away,  the  action  of  the  blast  may  cause  it  to  beat 
back  against  the  nose  or  lower  surface  of  the  tnyere  until  the 
continued  action  drills  or  burns  a  hole  in  the  tuyere. 
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3. — A  third  cause  of  destruction  to  tuyeres,  Tvliicli  is  more 
readily  capable  of  explanation,  arises  when  the  materials  in  the 
furnace  are  so  dense  as  to  prevent  the  blast  ascending  freely, 
causing  it  to  fight  round  the  tuyeres,  destroying  the  stopping,  and 
leaving  the  greater  part  of  the  tuyere  naked  and  exposed  to  heat 
as  shown  by  the  dotted  line  at  A  in  Fig.  9,  which  under  such 
circumstances  is  unusually  intense  round  the  tuyeres.  A  close 
tuyere,  fed  in  the  usual  m-anner,  when  exposed  to  excessive  heat, 
will  sometimes  refuse  its  full  supply  of  water,  either  from  the 
generation  of  steam  in  the  tuyere,  or  from  some  other  cause,  and 
this  may  cause  the  tuyere  to  burn,  and  thus  allow  the  escape  of 
water  into  the  furnace. 

4. — Slips  of  material  after  a  furnace  has  been  hanging  will 
sometimes  destroy  or  blind  every  tuyere  in  a  furnace,  by  the  fall  of 
solid  material  on  them  or  in  front  of  them.  Accidents  to  tuyeres 
from  this  cause  have  not  unfrequently  caused  severe  explosions. 

5. — Another  cause  of  injury  to  tuyeres,  and  of  great  danger 
where  close  tuyeres  are  used,  arises  from  the  slag,  or  in  some  cases 
the  molten  metal,  rising  up  to  the  tuyere  level.  This  may  happen 
from  neglect  of  the  workman  to  open  his  furnace  in  time,  or  fi'om 
having  a  hard  tap  so  as  to  delay  the  running  of  the  molten  metal  at 
casting  time.  In  all  cases  it  is  when  damage  to  close  water  tuyeres 
has  been  occasioned  by  the  rising  of  metal  or  slag  to  the  tuyere  level 
that  the  greatest  danger  from  the  escape  of  any  water  into  the 
furnace  is  to  be  feared. 

The  leakage  from  a  very  small  hole  in  a  coil  or  close  water  tuyere, 
from  whatever  cause  it  arises,  will  in  most  cases  be  evaporated  by 
the  heat  of  the  furnace,  and  cause  no  further  damage  than  a  trifling 
loss  of  heat ;  but  the  same  action  that  causes  a  small  defect  will  very 
often  increase  the  aperture  before  any  leakage  can  be  detected,  and 
when  leakage  occurs  from  the  lower  side  of  a  tuyere,  it  is  not 
unfrequently  difficult  to  detect  by  examining  the  blast  opening  in 
the  usual  manner.  An  instance  of  this  has  been  brought  under 
the  notice  of  the  writer,  in  which  a  coiled  tuyere  leaked,  but  owing 
to  the  position  of  the  defect  no  indications  of  leakage  were  found 
on  examination  of  the  tuyeres,  all  the  tuyere  openings  showing  a 
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perfectly  bright  and  clear  fire.  After  a  time  the  furnace  manager 
became  convinced  from  other  indications  that  leakage  was  going 
on.  He  caused  every  tuyere  to  be  removed,  and  the  materials 
below  a  tuyere  on  one  side  of  the  furnace  were  found  to  be 
literally  soaking  with  water,  and  had  to  be  raked  out  to  a 
considerable  depth  before  fire  could  be  found.  What  would  have 
been  the  consequence  if  this  mass  of  wet  material  had  been  forced 
into  the  molten  ii'on  below  is  well  illustrated  by  an  explosion  that 
occurred  during  the  present  month  at  some  furnaces  in  Lancashire, 
resulting  in  the  death  of  seven  persons.  It  appears  from  the  evidence 
at  the  inquest,  that  this  explosion  Avas  occasioned  by  a  slip  in  the 
furnace  destroying  one  or  more  tuyeres,  and  it  was  suggested  that  it 
arose  from  damp  material  caused  by  previous  leakage  of  the  tuyere 
being  suddenly  forced  into  the  hot  metal. 

Accidents  of  a  very  serious  nature  have  occurred  from  the 
use  of  water-jacketed  tuyeres  in  the  Staffordshire  district.  In 
September  last  year  an  explosion  occurred  resulting  in  the 
death  of  four  men,  and  in  the  following  month  the  explosion 
of  a  water  tuyere  caused  very  severe  injuries  to  fifteen  men, 
of  whom  eight  died  either  on  the  spot  or  within  a  short  time 
afterwards.  In  the  latter  case  the  severity  of  the  explosion  was 
occasioned  by  the  iron  having  been  allowed  to  rise  to  the  tuyere  level 
through  the  carelessness  of  the  keeper  in  charge  of  the  furnace. 
The  tuyere  which  caused  this  explosion  was  produced  at  the  inquest, 
and  showed  a  small  hole,  about  half  an  inch  in  diameter,  on  the 
outer  edge  of  the  nozzle.  This  circumstance  makes  it  seem  probable 
that  a  similar  result  would  have  occurred  if  a  coiled  tuyere  had  been 
in  use  instead  of  a  water- jacketed  tuyere. 

Besides  these  fatal  accidents,  two  others  causing  considcA,ble 
damage  to  property,  though  fortunately  not  resulting  in  loss  of  life, 
have  since  been  reported,  both  of  them  arising  from  the  explosion 
of  water-jacketed  tuyeres. 

A  simple  and  ingenious  arrangement  has  been  introduced  by 
Mr.  Thomson  of  Ruabon  for  the  purpose  of  detecting  leakage 
when  it  occurs  from  any  close  tuyere.  It  consists  of  a  water 
balance,  which,  so  long  as  the  same  amount  of  water  flows  from 
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the  tuyere  as  is  supplied  to  it,  is  kept  in  equilibrium  ;  but  the 
moment  any  leakage  occurs,  the  equilibrium  is  disturbed,  and  by 
this  means  a  Avhistle  or  alarm  is  sounded.  This  arrangement  is  said 
to  answer  well,  and  to  give  warning  when  a  very  slight  amount 
of  leakage  occurs.  The  Avarning  however,  even  if  promptly  acted 
upon,  would  not  in  all  cases  prevent  danger,  as  in  the  case  of  the 
destruction  of  a  tuyere  from  a  sudden  slip  in  the  furnace. 

The  danger  of  accident  from  the  causes  alluded  to  is  effectually 
prevented  by  the  use  of  open  spray  tuyeres. 

Where  incrustation  is  a  cause  of  difficulty  with  other  tuyeres, 
this  system  provides  a  complete  remedy.  The  incrustation,  as  it 
forms,  can  be  seen  from  the  open  end  of  the  tuyere  casing ;  and  it  is 
only  necessary  to  stop  the  water  supply  for  a  few  seconds,  or  for  a 
sufficient  time  to  dry  and  slightly  heat  the  tuyere,  causing  the 
incrustation  to  crack  and  fall  off  as  soon  as  the  water  is  again 
turned  on.  If  it  is  but  slight,  the  incrustation  will  very  soon  be 
washed  away ;  but  if  hard  and  thick,  a  repetition  of  the  process  once 
or  twice  will  almost  invariably  remove  it  without  damage  to  the 
tuyere. 

Stoppage  of  the  spray  pipes  from  incrustation,  mud,  or  other 
impurities  may  occur,  but  is  not  more  liable  to  do  so  than  in  the 
water  connections  of  other  tuyeres,  and  in  most  cases  the  sediment 
escapes  through  the  spray  holes  without  any  danger  of  choking 
them.  With,  vegetable  fibre  or  any  large  obstruction  of  course  this 
cannot  happen,  and  stoppage  from  these  causes  may  result  in  the 
burning  of  a  tuyere ;  but  owing  to  the  end  being  open,  any  such 
stoppage  can  be  very  readily  seen,  and  may  very  often  be  remedied 
before  any  damage  occurs. 

If  an  open  spray  tuyere  drills,  the  blast  at  once  escaping  through 
the  aperture  prevents  any  water  from  entering  the  furnace,  and  thus 
avoids  the  dangers,  inconveniences,  and  loss  of  heat  resulting 
from  leakage  where  other  tuyeres  are  used.  Damage  to  the  open 
spray  tuyere  arising  from  any  other  cause  is  equally  free  from 
danger,  owing  to  the  fact  that  no  body  of  water  is  allowed  to 
remain  in  the  tuyere,   and  that  the  sj)ray  is  at  once  blown  back 


358  OPEN   SPRAT   TUYERE.  Oct. 

tlirou'^'-li  llic  opcu  cutl  in  tlic  event  of  any  aperture  being  made 
through  which  the  blast  can  escape.  Another  advantage  of 
considerable  importance  arises  from  its  being  unnecessary  hastily  to 
remove  any  tuyere  or  stop  the  water  supply  where  this  system  is 
adopted,  as  a  tuyere  if  damaged  from  any  cause  may  be  kept  in 
use  witliout  danger  and  generally  without  inconvenience  until  an 
opportunity  occurs  for  stopping  the  blast  and  replacing  it. 

Spray  tuyeres  have  been  made  of  wrought  iron,  ordinary  cast 
ii'on,  malleable  cast  iron,  gunmetal,  and  phosphor-bronze ;  also  of 
wrought  iron  with  a  nozzle  of  other  metal.  Open  spray  tuyeres 
are  now  in  use  at  about  one  half  of  the  furnaces  in  blast  in 
South  Staffordshire,  and  are  being  adopted  also  in  other  districts. 
The  sizes  already  supplied  vary  in  length  from  10  in.  to  3  ft., 
and  in  diameter  from  2^  to  6|  in.  at  the  nozzle.  No  difficidty  is 
found  in  adapting  the  system  to  tuyeres  of  any  size  or  shape. 

The  tuyere  shown,  3|  in.  diameter  at  the  nozzle,  and  20  in. 
long,  is  similar  to  a  large  number  now  in  use,  and  is  about  the  size 
generally  used  in  the  Staffordshire  district. 

The  3  ft.  tuyere,  5  in.  diameter  at  the  nozzle,  is  that  now  adopted 
at  the  West  Cumberland  Iron  Co.'s  furnaces. 

The  G  in.  tuyere  is  the  size  sujaplied  to  some  furnaces  in  the 
Cleveland  district. 

The  4  in.  tuyere  of  malleable  cast  iron  is  of  the  dimensions  used 
by  a  firm  in  Lincolnshire. 

The  perfect  safety  of  these  tuyeres  is  admitted  by  every  one  who 
has  tried  them,  and  in  most  cases  they  have  been  found  more 
durable  tlian  tuyeres  on  the  systems  previously  in  use,  whilst  at  the 
same  time  the  saving  in  actual  cost  over  a  few  months,  as  compared 
with  other  tuyeres,  has  not  been  inconsiderable. 
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Mr.  Llotd  exliibited  a  number  of  sj^ecimens  of  the  open  spray- 
tuyeres  of  different  sizes  and  make ;  and  also  one  of  wi-ought  iron 
which  had  been  in  use  thi-ee  months  in  a  blast  furnace  at  Messrs. 
Coehraue's  Woodside  Iron  Works  near  Dudley,  and  had  been 
removed  in  consequence  of  becoming  "  drilled,"  having  two  holes 
burnt  in  the  nose ;  but  it  had  been  kept  at  work  without  danger  for 
some  hours  after  the  burning  of  the  holes,  as  the  blast  escaping 
through  the  holes  blew  back  the  spray  of  water  and  prevented  any 
water  entering  the  fui*nace. 

Mr.  C.  Cochrane  thought  the  Institution,  and  ironmasters 
generally,  were  much  indebted  to  the  author  of  the  paper  for  having 
introduced  a  tuyere  which  would  remove  those  sources  of  danger 
that  in  past  years  had  been  so  serious  to  blast  furnaces.  He 
believed  a  great  misconception  arose  in  the  minds  of  the  public,  and 
very  sti'ongly  perhaps  in  the  minds  of  coroners'  juries,  as  to  the 
cause  of  blast-furnace  explosions.  There  were  two  distinct  classes 
of  explosions,  as  shown  in  the  paper — those  that  took  place  within 
the  furnace,  due  to  the  leakage  of  water  into  the  furnace — and 
explosions  of  the  tuyere  itself,  by  which  external  damage  was  done 
in  the  tuyere  house.  The  old  wrought-iron  jacketed  tuyere  had 
been  in  common  use  in  Staffordshire  twenty  years  ago,  and  his  own 
first  experience  in  connection  with  the  subject  had  been  with  that 
class  of  tuyeres.  One  source  of  danger  with  those  tuyeres,  or,  if 
not  a  source  of  danger,  at  any  rate  a  source  of  considerable  loss  in 
working,  which  had  not  been  alluded  to  in  the  paper,  consisted  in 
the  diflB.culty  of  making  a  perfect  weld  in  the  tuyere  case,  so  that  no 
water  should  escape  into  the  furnace  ;  a  slight  leakage  of  water 
would  cause  material  loss  in  fuel  by  delivering  steam  with  the  blast 
into  the  furnace.  It  had  been  quite  a  common  thing  to  have  to  take 
out  one  of  those  jacketed  tuyeres  because  of  a  failure  in  the  weld ; 
and  the  diflB.culty  was  obvious  of  making  a  weld  of  that  character, 
where  there  were  two  surfaces  to  be  welded  so  near  together  that  it 
was  difficult  to  make  both  welds  secure.  Any  similar  imperfection 
in  the  welding  of  the  spray  tuyere  would  be  attended  with  no  such 
inconvenience.    A  simple  mode  of  detecting  leakage  that  was   in 
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common  nse — if  the  water  did  not  sliow  itself  by  running  over  the 
forepart  of  the  furnace,  running  out  over  the  molten  slag  in  a 
spheroidal  condition  so  that  it  would  not  come  in  contact  with  the 
slao' — was  to  take  the  blast  off  the  furnace  for  a  moment  or  two, 
and  thrust  a  cold  iron  bar  through  the  tuyere  into  the  furnace, 
withdrawing  it  again  instantly.  If  the  tuyere  was  leaking,  in  nine 
cases  out  of  ten  moisture  would  be  condensed  upon  the  bar  ;  and  the 
tuyere  could  then  be  immediately  removed.  After  the  experience 
of  South  Staffordshire,  when  the  blast  furnaces  commenced  in 
Middlesbrough  the  coiled  tuyere  was  most  frequently  adopted,  and 
it  took  the  form  at  last  of  a  continuous  coil,  like  that  shown  in  Fig.  2. 
It  was  obvious  that  the  piercing  or  "  drilling."  as  it  was  called,  of  a 
water- jacketed  tuyere  might  permit  the  melted  iron  absolutely  to  pass 
through  the  water,  leaving  it  in  a  spheroidal  condition,  the  iron 
lying  in  a  body  at  the  bottom  of  the  tuyere  ;  and  that  in  this  way 
the  tuyere  might  positively  become  a  steam  gun  ready  to  blow  up  at 
the  moment  when  the  water  came  in  contact  with  the  melted  iron, 
that  is,  the  moment  the  iron  had  cooled  down  sufficiently  to  allow 
the  water  to  come  in  contact  with  it ;  and  the  danger  with  that 
construction  of  tuyere  arose  from  the  large  reservoir  of  water  that 
there  was  to  be  act^ed  upon  and  to  be  converted  into  steam.  Such 
an  effect  could  not  be  produced  with  a  coiled  tuyere,  because  there 
was  only  a  limited  space  for  the  iron  to  accumulate  in,  so  that  any 
explosion  that  might  take  place  would  be  only  of  a  trifling  character ; 
at  any  rate  there  would  be  no  such  serious  explosions  as  had  been 
recorded  where  the  jacketed  tuyere  had  exploded.  But,  as  mentioned 
in  the  paper,  there  was  another  accident  to  which  a  coiled  tuyere 
was  as  liable  as  a  water-jacketed  tuyere,  namely  the  creeping  up  of 
the  melted  iron  in  the  furnace  to  the  underside  of  the  tuyere,  so  as 
to  bum  a  hole  in  below ;  then  the  water  poured  into  the  furnace,  and 
produced  those  disastrous  explosions,  which  were  commonly  called 
explosions  of  the  blast  furnace,  but  which  were  really  explosions  of 
water  coming  into  contact  with  a  large  surface  of  melted  slag  or  iron 
in  the  furnace  ;  the  whole  of  the  material  in  the  furnace  acting  as  a 
breech  to  a  gun,  the  pressure  of  the  steam  blew  out  the  liquid  slag 
and  iron,  and  burnt  to  death  or  scorched  severely  any  one   who 
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might  be  in  its  path.  That  was  one  of  the  most  alarming  explosions 
that  blast  furnaces  were  liable  to. 

One  point  to  which  attention  had  to  be  di'awn  was  that  the 
coiled  tuyere  was  not  used  in  the  way  shown  in  the  drawing ;  when 
the  blast  had  been  heated  to  the  highest  temperature  desired,  it  was 
not  wished  to  have  it  cooled  again,  and  there  was  no  cooling  action 
greater  than  that  of  the  surface  of  a  coiled  tuyere  like  the  one 
shown  in  Fig.  2,  or  even  of  the  open  spray  tuyere  where  there  was 
no  internal  jacket  or  lining  to  convey  the  blast  so  that  it  should  not 
impinge  against  the  internal  surface  that  was  kept  cool  by  the 
spray,  this  sui'face  being  equally  cool  with  that  in  the  water- 
jacketed  tuyere.  It  was  important  not  to  cool  the  blast  after  it  had 
been  raised  at  such  an  expense  to  the  temperature  desired,  and  that 
diflB.culty  had  been  got  over  with  the  coiled  tuyere  by  plastering 
clay  all  round  the  inside  of  the  coil,  and  then  driving  in  a  conical 
iron  pipe  as  a  lining,  which  was  thus  removed  from  the  cooling 
action  of  the  coil,  and  enabled  the  blast  to  be  delivered  into  the 
furnace  with  only  a  very  slight  loss  of  temperature  in  transit 
thi'ough  the  tuyere. 

With  regard  to  the  means  of  getting  rid  of  the  annoyance  caused 
by  the  stoppage  of  the  apei-tures  in  the  nozzles  of  the  spray  pipes  in 
the  open  spray  tuyere,  the  first  application  of  this  tuyere  at  the 
Woodside  Iron  Works  had  been  attended  with  so  much  trouble  from 
this  cause  that  the  nose  of  the  tuyere  had  absolutely  become  eaten 
through  in  two  places,  as  seen  in  the  tuyere  itself  now  exhibited, 
owing  to  the  partial  failure  of  the  supply  of  water.  This  was  an 
illustration  of  the  extreme  risk  which  would  be  incurred  of  the 
water  running  into  the  furnace,  if  the  blast  did  not  literally  blow 
the  spray  back  again,  and  refuse  to  permit  it  to  enter  the  furnace. 
He  had  got  over  the  difficulty  by  putting  into  the  tank  which 
supplied  the  tuyeres  a  frame  with  double  sides,  each  containing  a 
copper  gauze,  the  meshes  of  which  were  about  64  per  inch,  making 
the  apertures  of  the  meshes  very  slightly  smaller  than  the  holes 
delivering  the  spray  of  water  to  the  tuyere.  By  that  simple 
expedient  any  difiiculties  from  stoppage  of  the  spray  nozzles  were 
effectually  prevented,  and  the  tuyeres  were  now  doing  remarkably 


302  OPEN   SPRAT   TUYERE.  Oct. 

well ;  previously  there  had  been  the  annoyance  of  little  fish  and 
shells  coming  down  into  the  nozzles  with  the  water,  but  that  was 
now  completely  stopped  by  this  means. 

Mr.  D.  Adamson  had  great  pleasure  in  confirming  the  good 
opinion  which  had  been  expressed  by  Mr.  Cochrane  respecting  the 
open  spi'iiy  tuyere.  Having  himself  been  one  of  those  who  had 
suffered  loss  from  explosions  of  the  ordinary  cistern  or  coiled-pipe 
tu^'cre,  he  felt  persuaded  that  every  one,  who  was  acquainted  with 
the  disasters  that  arose  when  a  large  quantity  of  water  wa« 
projected  into  a  blast  furnace,  would  be  of  the  same  opinion  with 
regard  to  the  open  spray  tuyere  now  described  ;  it  appeared  to  him 
to  be  a  very  desirable  and  excellent  invention.  The  ordinaiy 
cistern  tuyere  was  he  considered  the  worst  of  all,  inasmuch  as  it 
carried  in  itself  such  a  large  body  of  water ;  and  if  the  hot  metal 
as  it  was  passing  down  the  furnace  in  its  melted  state  lay  on  the 
top  of  the  nose  of  the  tuyere,  and  burnt  through  it,  the  large 
quantity  of  water  contained  in  the  tuyere  being  thrown  into  the 
furnace,  a  disastrous  explosion  might  instantly  arise.  He 
questioned  however  whether  the  condition  of  circumstances  had 
been  stated  in  the  way  in  which  it  really  occurred ;  an  explosion 
did  not  arise  quite  from  the  water  being  projected  upon  the  melted 
metal,  as  it  was  a  very  common  thing  for  tuyeres  to  fail  and  for 
water  to  be  projected  into  a  blast  furnace,  and  yet  no  explosion  at 
all  occurred,  and  under  these  circumstances  it  must  necessarily 
happen  that  the  water  did  not  go  below  the  metal.  But  should  it 
happen  that  some  piece  of  material  on  the  nose  of  the  tuyere  that 
was  saturated  with  water  broke  off  or  was  melted  off,  and  dropped 
down  into  the  metal  itself,  then  he  apprehended  an  explosion  of 
greater  or  less  intensity  took  place  instantly.  In  an  explosion  that 
had  happened  to  one  of  his  own  blast  furnaces  at  the  North 
Lincolnshire  Iron  Works,  Frodingham,  half  of  the  entire  mass  of 
niclic'd  iron  and  slag  in  tlie  heai-tli  was  projected  out  at  the  forebreast, 
the  cliarging  bill  at  the  furnace  top  was  blown  off,  and  other  great 
disturbances  took  place  by  a  fresh  exi)losiou  of  the  gas,  and  very 
serious  results  were  produced  in  loss  both   of  life  and  of  money. 
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By  the  open  spray  tuyere  lie  thought  blast  furnaces  would  be 
largely  protected  from  many  of  these  liabilities  and  disastrous 
consequences. 

There  was  one  thing  connected  with  the  open  spray  tuyere  that 
he  thought  wanted  a  little  further  elucidation.  The  spray  pipes  in 
the  tuyere  appeared  to  be  perforated  somewhat  equally  throughout 
the  three  pipes.  N"ow  it  occurred  to  him  that  when  a  tuyere  was  not 
working  properly,  should  it  be  getting  hot  from  a  disturbed 
condition  of  the  furnace,  or  from  the  metal  rising^  on  account  of 
the  hearth  getting  full  in  consequence  of  neglect  to  take  ofE  the 
slag  or  tapping — all  which  were  conditions  that  did  arise, — and  if 
one  particular  part  of  the  tuyere  should  get  hot  and  should  be  seen 
by  the  man  in  charge,  then  if  one  of  the  three  spray  pipes  could 
have  a  greater  quantity  of  water  discharged  through  it  than  the 
other  two,  by  adjusting  a  tap,  it  appeared  to  him  that  this  would  be 
better  than  allowing  the  whole  supply  of  water  to  be  distributed 
equally  through  the  three  pipes,  when  one  side  of  the  tuyere  might 
be  cool  and  the  other  very  hot. 

His  own  experience  in  Lincolnshire  had  been  mostly  at  first 
with  what  was  commonly  called  the  Scotch  tuyere,  that  is  the  coiled 
tuyere  with  a  cast-iron  jacket  upon  it  (Fig.  1)  ;  and  subsequently 
with  a  tuyere  like  that  shown  in  Fig.  2,  a  mere  coiled  tuyere  lined 
with  fireclay.  He  was  anxious  to  bear  his  testimony  to  the  accui'acy 
of  the  view  that  had  been  expressed  by  Mr.  Cochrane,  that  it  was 
exceedingly  desirable  that  the  blast  should  not  be  cooled  in  its 
passage  through  the  tuyere  by  striking  against  the  sides  of  the 
tuyere  itself,  and  thereby  merely  boiling  the  water  rather  than 
sending  the  hot  blast  into  the  furnace  at  its  full  heat.  In  all  his 
experience  with  workmen  having  the  charge  of  blast-furnace 
tuyeres  he  had  found  there  had  been  a  disposition  to  leave  the  nose 
of  the  blast  pipe  very  short,  so  that  the  hot  blast  striking  the  water 
tuyere  made  it  exceedingly  hot,  endangering  the  tuyere  and  putting 
the  furnace  in  the  worst  condition  by  blowing  in  a  cold  blast  instead 
of  a  hot  blast.  The  same  principle  would  apply  to  the  spray 
tuyere ;  but  in  his  own  experience  he  had  always  recommended  that 
the  taper  of  the  tuyere  should  be  increased,  and  that  the  packing  of 
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fireclay  rammed  into  it  round  tlie  nose  of  tlie  blast  pipe  should  be 
made  thicker,  while  the  blast  pipe  should  be  brought  nearly  up  to 
the  nose  of  the  tuyere,  say  within  two  or  three  inches  of  where  the 
blast  entered  the  furnace.  By  having  the  tuyere  a  little  larger  and 
usinf  a  little  more  fireclay,  not  only  was  the  blast  protected  from 
beinc  cooled,  but  the  water  in  the  tuyere  was  kept  cooler  and  the 
tuyere  made  to  last  longer. 

There  were  other  conditions  in  which  the  open  spray  tuyere 
would  be  advantageous ;  in  a  few  cases  that  had  come  under  his 
experience  lat<?ly  in  some  blast  furnaces  on  the  West  coast  near 
Whitehaven,  where  the  water  supply  for  the  tuyeres  was  obtained 
from  Parton  Beck,  a  small  brook  containing  fish,  tuyeres  had 
been  lost  by  small  eels  passing  through  the  supply  pipes  and  getting 
stuck  fast  in  the  coils  of  the  tuyere.  If  one  of  the  spray  pipes 
in  the  open  spray  tuyere  became  stopped,  the  attendant  would 
be  able  to  see  that  a  stoppage  had  taken  place,  and  could  have  the 
pijie  removed  at  once  and  a  fresh  one  supplied.  He  was  quite  of 
opinion  that  many  of  the  serious  explosions  that  occun-ed  with  blast 
furnaces  would  be  obviated  if  the  spray  tuyere  were  used;  and  he 
hoped  it  would  be  adopted,  both  for  the  sake  of  human  life,  and 
also  to  avoid  the  disastrous  consequences  which  arose  when  a  large 
quantity  of  water  by  any  means  got  projected  into  the  interior  of  a 
blast  furnace.  • 

With  regard  to  leakage,  it  had  been  pointed  out  that  in  the  early 
period  of  the  leakage  it  had  not  always  been  possible  to  tell  whether 
the  tuyere  was  leaking  or  not ;  but  supposing  there  were  a  leakage, 
the  working  of  the  furnace  was  manifestly  altered  in  the  early 
period  by  a  larger  quantity  of  extra  gas  or  steam  passing  off  either 
from  the  chimney  or  from  the  furnace  top  itself.  He  had  frequently 
had  an  opportunity  of  observing  that  the  gas  increased  to  such  au 
extent  that  the  keepers  were  ordered  at  once  to  look  round  tlie 
furnace  ;  and  thus  a  leakage  had  been  detected,  when  from  wliat  coiJd 
be  seen  at  the  tuyere  itself  no  leakage  had  before  been  apprehended. 
He  merely  mentioned  this  as  one  of  the  ways  in  whieli  the  interests 
both  of  ironmasters  and  their  workmen  might  be  protected.  No 
doubt   the   difficulties   were   increased   when   the   furnace    was   in 
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trouble ;  when  a  furnace  was  in  good  working  order,  many  difficulties 
did  not  arise  with  the  tuyeres.  He  had  received  recently  a  report  of 
two  blast  furnaces  that  had  worked  three  consecutive  months  without 
having  changed  a  single  tuyere ;  on  the  other  hand  furnaces  had 
been  working  under  unfavourable  conditions,  the  blast  not 
passing  through  them  in  a  proper  and  regular  manner,  when 
probably  during  the  same  period  of  working  a  hundred  tuyeres 
might  have  been  required.  Changing  the  tuyeres  stopped  the 
furnace,  added  to  the  trouble,  and  was  a  serious  and  costly 
operation  ;  so  that  if  by  any  means  a  tuyere  could  be  obtained  that 
would  enable  the  furnace  keeper  to  see  at  once  when  it  was  out  of 
order,  it  would  be  a  great  saving  to  every  ironmaster  and  a  great 
comfort  and  protection  to  all  the  workmen. 

The  President  enquired  whether  it  would  be  possible  to 
substitute  a  platinum  tuyere,  and  so  get  rid  of  the  water  supply 
altogether. 

Mr.  D.  Adamson  did  not  think  that  would  be  practicable. 

Mr.  r.  W.  Webb  asked  whether  the  open  spray  tuyeres  had  been 
applied  to  cupolas.  He  had  been  using  for  some  time  cupolas  with 
twelve  tuyeres,  in  two  tiers,  the  upper  tier  being  smaller  than  the 
six  lower  ones,  in  the  manner  originally  proposed  by  Ireland, 
melting  continuously  from  Monday  morning  to  Saturday  night, 
so  that  the  bosh  or  neck  of  the  furnace  got  pretty  large  by  the 
end  of  the  week  from  wearing  away ;  and  his  only  objection 
to  using  the  water  tuyere  had  been  the  fear  of  explosion.  If  it 
had  not  been  already  introduced  for  cupola  work,  he  should 
think  the  open  spray  tuyere  would  come  in  very  well  for  enabling  a 
still  further  reduction  to  be  effected  in  the  consumption  of  coke  in 
remelting  iron  for  the  Bessemer  process.  If  it  had  not  yet  been 
tried,  he  should  be  glad  to  give  it  a  trial,  and  to  report  the  result 
to  the  Institution. 

Mr.  E.  A.  Cowper  congratulated  the  author  of  the  paper  on 
having  contrived  what  appeared  to  be  a  very  successful  apparatus. 
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\lv  thonfrht  it  rccommonrlerl  itself  to  common  sense  that,  if  the 
surfaces  of  a  tuyere  were  kept  cool  by  water,  and  the  water  were 
supplied  in  a  space  where  it  could  not  do  harm  by  explosion,  a  very 
safe  apparatus  would  be  obtained.  He  called  attention  to  the  fact 
that  only  a  certain  moderate  pressure  of  water  should  be  supplied 
to  the  spray  pipes,  because  if  too  small  a  pressure  of  water  were 
applied,  there  was  danger  of  the  surface  not  being  thoroughly  wetted  ; 
and  on  the  other  hand  if  too  great  a  pressure  were  applied, 
instead  of  doing  more  good,  it  would  positively  do  harm,  by 
not  keeping  the  sui-face  so  cool  as  a  certain  moderate  pressure. 
Under  a  heavy  pressure  the  water  would  be  splashed  against  the 
surface  of  the  tuyere,  against  which  it  would  dash  and  be  broken 
into  spray,  and  would  thus  leave  the  surface  with  much  less  water 
on  it  than  if  a  jet  were  thrown  gently  against  it.  He  had  tried 
experiments  with  a  number  of  different  surfaces — wood,  iron,  and 
other  materials — placed  at  different  inclinations.  Placing  for 
instance  a  piece  of  board  or  a  plate  of  iron  at  a  sligbt  inclination 
from  the  vertical,  he  had  applied  a  jet  of  water  to  the  upper  face, 
not  at  right  angles  but  at  a  slight  inclination,  with  a  head  of  water  of 
one  foot.  He  had  tried  many  experiments  with  different  heads  and 
different  sizes  of  jets,  and  had  found  that  a  jet  of  j  inch  diameter 
with  about  1  ft.  head  of  water  appeared  to  give  the  best  result  in 
extent  of  surface  wetted  in  proportion  to  the  quantity  of  water  used. 
The  most  effective  pressure  was  found  to  be  confined  within  pretty 
close  limits  ;  with  a  3  ft.  or  4  ft.  head  the  water  would  dash  and 
splash  about,  and  the  full  effect  would  not  be  obtained,  and  a  larger 
quantity  would  be  required  to  do  the  work ;  but  if  much  less  head 
were  employed,  the  water  scarcely  distributed  itself  over  the 
surface.  A  jet  of  1  ft.  head  gave  a  surface  of  16  in.  width 
and  3  ft.  length  entirely  covered  with  water ;  therefore  in  the  case 
of  vessels  or  surfaces  that  were  required  to  be  kept  cool,  a  5^  in.  jet 
would  suffice  with  a  head  of  1  ft.,  which  represented  a  very  small 
quantity  of  water.  He  had  also  tried  experiments  to  see  how  far  the 
water  had  power  enough  to  keep  down  the  temperature  of  a  surface 
which  would  naturally  become  red-hot  owing  to  its  being  exposed 
to  a  fire ;  and  in  order  to  try  that  thoroughly,  he  had  made  a  surface 
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red-hot,  applied  a  jet,  and  thoroughly  cooled  it  down.  A  piece  of 
channel  iron  of  about  5  in.  width  was  placed  inverted  aci'o.ss  a 
smith's  fire,  not  quite  horizontally  but  at  a  very  slight  inclination  ; 
and  a  large  fire  was  banked  up  on  it  until  2  or  3  ft.  length  of  it  was 
red-hot.  Then  outside,  beyond  the  hearth,  a  ^  in.  jet  was  put  to 
play  up  against  the  underside  of  the  channeled  bar ;  the  wetting 
widened  out  to  the  full  width  of  the  bar,  and  ran  right  through  the 
red-hot  part,  and  effectually  cooled  it  down  until  it  became  perfectly 
black  and  afterwards  cold,  while  the  temperature  of  the  vrater  itself 
was  only  raised  a  few  degrees  as  it  passed  along  the  underside  of 
the  bar.  This  showed  that  a  spray  of  water  properly  applied  had 
the  power  of  keeping  cool  a  surface  that  would  become  red-hot 
from  a  fire  acting  upon  it ;  that  was  the  only  point  that  there  could 
be  any  doubt  about,  and  these  experiments  proved  it  satisfactorily. 
He  wished  every  success  to  the  open  spray  tuyere,  which  was  a  great 
boon  to  ironmasters  and  a  still  greater  boon  to  the  blast-furnace 
keepers. 

Mr.  Jeremiah  Head,  referring  to  the  mention  that  had  been 
made  of  keeping  cupolas  working  night  and  day  for  a  week  together, 
said  that  in  the  Cleveland  district  there  were  two  or  three  cases  of 
cupolas  so  working ;  the  object  was  accomplished  by  placing  a  water 
bosh  as  a  belt  round  that  part  of  the  cupola  through  which  the 
tuyeres  went,  there  being  more  surface  of  the  water  bosh  above  the 
tuyeres  than  below.  These  were  working  very  successfully,  but  the 
consumption  of  coke  was  a  little  more  than  in  the  ordinary  cupola ; 
they  were  quite  successful  in  keeping  the  form  of  the  internal  part 
of  the  cupola  pretty  regular  for  a  whole  week,  working  night  and 
day.  The  quantity  of  pig  iron  melted  down  by  each  cupola  was 
about  4  tons  per  hour.  The  diameter  of  the  cupola  at  the  lower 
part  of  the  water  bosh  was  about  3  ft.,  and  the  height  of  the  belt 
was  about  3  ft.  4  in.,  the  inner  sui'face  of  the  belt  being  lined  with 
ganister  about  3  in.  thick ;  if  more  than  this  thickness  of  ganister 
was  placed  round  the  water  belt  it  would  soon  melt  away,  and 
would  continue  to  do  so  until  the  coolness  of  the  water  protected  the 
ganister  and  prevented  it  from  being  melted  through.     The  water 
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belt  was  made  of  cast  iron,  in  four  segments,  which  were  bolted 
too-ether  round  the  cupola ;  occasionally  one  of  these  segments  was 
known  to  crack,  and  then  it  was  replaced  at  the  end  of  the  week, 
which  could  be  done  easily.  The  water  entered  the  segments  not 
under  pressure,  being  simply  poured  in  and  poured  out,  and  there 
was  no  danger  of  any  explosion  from  generation  of  steam. 

!Mr.  Lloyd  quite  agreed  with  Mr.  Cochrane's  remarks  about 
explosion  in  the  tuyere  itself  being  very  unlikely  with  coiled 
tuyeres,  and  exti-emely  dangerous  where  the  old  water-jacketed 
tuyere  was  used.  From  information  that  he  had  obtained  mth 
regard  to  explosions  that  had  occurred  at  blast  fui-naces,  he  believed 
some  of  the  worst  of  them  had  happened  where  water  tuyeres 
had  been  used,  from  the  "  drilling "  of  the  tuyere  and  the 
melted  metal  actually  entering  the  inside  of  the  water  space  and 
causing  an  explosion  of  the  tuyere  itself  :  but  equally  disastrous 
explosions  had  occurred  through  the  leakage  of  water  from  the  nose 
of  the  tuyere  upon  the  material  below,  inside  the  fiu'nace  ;  then  any 
sudden  fall  in  the  furnace  might  force  this  mass  of  damp  material 
into  the  melted  metal  in  the  furnace.  That  he  believed  had  been 
the  opinion  expressed  as  to  the  cause  of  the  recent  explosion  at  a 
blast  furnace  in  Lancashire. 

With  regard  to  the  burnt  specimen  of  an  open  spray  tuyere 
exhibited  from  the  Woodside  Iron  Works,  it  would  be  seen  that 
there  was  a  great  difference  in  form  between  that  and  the  more 
recent  ones.  That  tuyere  he  supposed  had  been  supplied  as  long  as 
eighteen  months  ago,  and  it  would  be  seen  that  it  had  a  much  larger 
surface  exposed  to  the  heat  and  the  wear  and  tear  of  the  action  of 
the  furnace  than  there  was  in  the  form  now  adopted.  The  spray 
pipe  belonging  to  it  was  partly  coiled  round  the  inner  tube  of  the 
tuyere,  like  the  spray  pipe  shown  in  Fig.  16,  and  in  order  to  get  this 
coil  into  the  conical  tuyere  it  was  necessary  to  make  the  back  end  of 
the  tuyere  smaller  than  was  now  adopted.  That  resulted  in  the 
adoption  of  the  present  plan  of  three  straight  spray  pipes  in 
preference  to  the  coiled  shape,  simply  in  order  to  obviate  the 
difficulty  that  had  been  mentioned,  which  was  that  if  there  were 
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not  sufficient  taper  in  tlie  inner  cone  of  the  tuyere  it  -was  impossible 
to  bring  tbe  nozzle  of  an  inner  blast  pipe  close  up  to  the  nose  of 
the  tuyere.  With  the  form  of  spray  pipes  now  used,  there  was  no 
difficulty  whatever  in  protecting  tuyeres  of  the  shape  required, 
leaving  sufficient  room  for  ramming  clay  round  an  inner  blast 
pipe,  which  might  if  thought  desirable  be  brought  up  almost  to 
the  very  nose  of  the  tuyere,  so  as  to  protect  the  hot  blast  from  any 
cooling  action  of  the  tuyere. 

With  regard  to  filtration  of  the  water  supplied  to  the  tuyeres, 
it  had  been  anticipated  by  some  that  there  would  be  a  difficulty  on 
that  score  with  the  spray  tuyeres  ;  and  he  must  confess  that  water 
containing  such  impurities  as  eels,  shrimps,  and  shells,  presented  a 
difficulty  which  might  not  easily  be  contended  with  in  the  absence 
of  filtration.  At  several  blast  furnaces  where  the  open  spray 
tuyeres  had  been  adopted  some  difficulties  of  this  nature  had  been 
experienced.  Where  open  spray  tuyeres  were  used  of  the  large 
size  exhibited,  3  ft.  length,  they  had  been  employed  for  many 
months,  notwithstanding  the  use  of  salt  water  in  which  there  were 
many  bits  of  seaweed  or  other  impurities.  Of  course  that  made 
the  tuyeres  less  durable,  and  rendered  it  necessary  to  remove  and 
examine  the  spray  pipes  somewhat  of tener  ;  that  was  the  extent  of 
the  difficulty.  It  had  since  been  found  desirable  to  improve  the 
water  supply  ;  but  for  many  months,  he  thought  for  nearly  a  year, 
the  ordinary  salt  water  supply  had  been  used. 

With  regard  to  the  perforations  in  the  spray  pipes,  it  was  easy 
to  remove  one  of  the  spray  pipes  in  a  few  minutes,  without  allowino- 
time  for  the  tuyere  to  be  destroyed  ;  and  where  a  tuyere  was  found 
to  be  working  very  hot  on  one  side,  he  thought  it  might  be 
desirable  to  have  a  spare  spray  pipe  with  additional  water  supply. 
The  conditions  varied  much  in  different  blast  furnaces  :  in  some 
cases  the  tuyeres  were  not  required  to  project  into  the  furnace 
beyond  the  distance  shown  in  the  drawing,  Fig.  9  ;  in  other  cases 
a  much  greater  part  of  the  tuyere  was  exposed  to  the  action  of  the 
furnace,  as  when  the  stopping  was  worn  away  as  represented  by  the 
dotted  line  at  A  in  Fig.  9,  or  when  the  tuyere  was  purposely  made  to 
project  10  or  12  inches  into  the  furnace.     Of  course  it  was  desirable 
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nnder  some  conditions  to  use  discretion  as  to  how  the  perforations 
should  be  made  in  the  spray  pipes,  as  to  their  number  and  size,  and 
•whether  slits  or  round  holes  should  be  used.  To  meet  certain  cases 
he  had  recently  adopted  the  form  of  spray  pipes  exhibited,  flattened 
towards  the  ends,  with  a  few  perforations  in  the  sides  and  a  slit  at 
the  extremity,  so  that  the  jets  of  -water  issuing  from  the  ends  of  the 
pipes  did  the  main  work  of  cooling  the  nose  of  the  tuyere,  while  the 
spray  from  the  side  perforations  cooled  the  sides  of  the  tuyere. 
The  narrower  the  surface  was  in  the  interior  of  the  tuyere,  the 
easier  it  was  to  protect  it  from  heating  ;  whereas  a  large  tuyere,  like 
the  defective  ane  exhibited,  was  much  more  difficult  to  protect,  or 
would  take  more  water  to  protect  it  than  a  smaller  one. 

The  open  spray  tuyeres  had  not  been  applied  to  cupolas  at  present, 
and  he  was  glad  to  know  that  they  might  be  adapted  to  that 
purpose ;  the  principle  had  however  been  applied  to  other  tuyeres 
besides  those  of  blast  furnaces,  and  he  was  now  making  open  spray 
tuyeres  for  Lancashire  hearths  in  Sweden.  It  would  be  easy  to  adapt 
them  to  cupolas  as  well  as  to  other  purposes.  The  use  of  these 
tuyeres  he  imagined  would  enable  the  sides  of  the  cupola  to  be  kept 
much  more  regular.  In  the  cupolas  that  he  had  been  accustomed  to 
use,  water  tuyeres  had  seldom  if  ever  been  employed ;  and  he  had 
never  heard  of  any  explosion  or  any  difficulty  arising  in  the  case  of 
cupolas. 

Mr.  F.  W.  Webb  was  not  aware  that  water  tuyeres  had  ever  l)een 
used  for  cupolas  before ;  but  times  were  changed,  and  melting  had 
now  to  be  done  continuously.  A  cupola  was  wanted  to  run  from  one 
week's  end  to  another,  like  a  blast  furnace,  without  any  great  change 
in  its  internal  surfaces ;  and  this  was  wanted  to  be  done  without 
having  a  large  cooling  surface  such  as  was  necessarily  presented  by 
the  use  of  a  water  bosh  or  belt  like  that  which  had  been  mentioned. 

^fr.  Lloyd  believed  the  open  spray  tuyere  would  be  au  effectual 
h('l|»  for  cupolas,  but  the  tuyere  surface  required  to  be  protected 
would  be  very  small  in  .such  cases. 
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One  of  the  specimens  exliibitod  of  tlie  open  spray  tuyere  was  of 
malleable  cast-iron,  and  tlie  object  of  making  it  of  this  material  had 
been  rather  to  prevent  the  accumulation  of  scoria  upon  the  nose ; 
and  his  experience  so  far  went  to  prove  that  malleable  cast-iron 
tuyeres  if  made  sufficiently  thin  were  almost  as  good  as  brass  tuyeres 
for  that  purpose ;  if  they  were  kept  sufficiently  cool  at  the  nose  no 
scoria  would  adhere. 

Another  of  the  open  spray  tuyeres  exhibited  had  been  taken  out 
after  six  months'  work  from  a  blast  furnace  where  the  tuyeres 
previously  used  had  seldom  lasted  more  than  as  many  weeks,  and  it 
was  found  then  as  perfect  for  practical  use  as  when  first  put  in. 

With  regard  to  Mr.  Cowper's  remark  respecting  the  head  of 
water  suitable  for  the  supply  of  the  spray  tuyeres,  this  was  confirmed 
by  his  own  experience  in  one  case.  There  were  two  blast  fui'naces 
belonging  to  the  same  firm  in  different  parts  of  South  Staffordshire, 
at  one  of  which  there  was  a  head  of  40  ft.  for  supplying  the  tuyeres, 
and  at  the  other  only  4  ft.,  the  open  spray  tuyeres  being  adopted 
in  both  instances.  ^Vhere  there  was  only  4  ft.  head  and  larger 
holes  in  the  spray  pipes  the  tuyeres  had  been  found  moi'e  dui'able ; 
and  it  was  now  desired  to  have  the  same  water  arrangement  in  the 
other  case. 

Mr.  E.  A.  CowPER  said  that  a  low  pressure  might  be  obtained 
by  having  a  cock  in  the  supply  pipe,  so  that  the  pressure  could 
be  reduced ;  it  was  then  of  no  consequence  what  the  head  was,  and 
would  depend  entirely  upon  how  much  the  cock  was  opened. 

The  President  proposed  a  vote  of  thanks  to  Mr.  Lloyd  for  his 
paper,  which  was  passed. 


The  following  paper  was  then  read:- 


d3 


372  Oct. 


ON   ROPE   GEARING 

FOR   THE   TRANSMISSION   OF   LARGE   PO^YER 

IN   MILLS   AND   FACTORIES. 


By  Mb.  JAMES  DUEIE,  of  Manchester. 


The  best  means  of  transmitting  power  from  the  prime  mover 
to  the  various  machines  in  a  factory  has  long  been  a  matter  of 
importance  to  the  engineer  and  to  the  manufacturer.  Until  lately 
toothed  gearing,  either  as  spur  or  bevil  wheels,  or  a  combination  of 
both,  has  been  almost  universally  employed  for  first  motions,  the 
smaller  powers  being  taken  off  pulleys  by  leather  belts.  The  facility 
of  taking  small  powers  off  drums  to  machines  by  means  of  belts, 
and  the  absence  of  noise  and  vibration,  led  to  the  adoption,  in  the 
United  States  of  America,  of  broad  leather  belts  for  the  transmission 
of  large  powers  from  the  prime  mover  to  the  shafting  in  factories; 
and  the  success  which  has  followed  the  adoption  of  these  large  belts 
there  has  led  to  their  being  adopted  by  many  users  of  power  in  this 
country. 

The  object  of  the  present  paper  is  to  bring  before  the  Institution 
the  plan  of  transmitting  large  powers  by  means  of  round  ropes 
working  on  grooved  wheels,  which  in  some  parts  of  this  country 
has  been  largely  adopted  as  a  substitute  for  toothed  gearing.  The 
experience  gained  by  the  firm  with  which  the  writer  is  connected 
in  this  mode  of  transmitting  power  has  extended  over  a  period 
of  thirteen  years ;  and  wherever  it  has  been  employed,  either  to 
replace  toothed  gearing  in  old  or  for  new  works,  it  has  always  given 
complete  satisfaction. 

In  this  mode  of  driving,  the  flywheel  of  the  engine  is  made 
considerjibly  broader  than  the  flywheel  of  an  engine  having  cogs 
on  its  circumference;  and  instead  of  cogs  a  number  of  parallel 
grooves  for  the  ropes  are  turned  out,  the  number  and  size  of  which 
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are  regulated  by  the  power  to  be  taken  off  the  flywheel.  The 
power  which  each  of  the  I'opes  will  transmit  depends  upon  their 
size  and  the  velocity  of  the  periphery  of  the  flywheel.  The  ropes 
employed  are  of  two  sizes  for  large  powers,  namely  5^  in.  and 
6|  in.  circumference  ;  another  size  of  rope,  4j  in.  circumference,  is 
employed  for  small  powers,  but  there  is  no  definitely  ascertained 
limit  to  the  size  of  ropes  that  may  be  employed.  Where  large 
powers  are  required,  and  where  large  pulleys  can  be  used,  it 
is  best  to  use  heavy  ropes,  and  the  contrary  when  the  opposite  is 
the  case. 

The  velocity  of  the  peripliery  of  the  grooved  flywheel  and 
pulleys  is  generally  arranged  to  be  between  3,000  and  6,000  ft. 
per  min. ;  and  the  velocity  being  settled  and  the  power  of  the  steam 
engine  known,  the  number  of  the  ropes  required  to  transmit  the 
power  is  then  determined,  from  the  experience  that  has  been  gained 
of  the  amount  of  power  transmitted  by  ropes  in  previous  cases. 
It  is  very  essential  that  the  right  proportion  between  the  diameter  of 
the  ropes  and  the  pulleys  should  be  obtained ;  if  the  diameter  of  the 
pulleys  is  too  small,  the  rope  in  continually  bending  over  them  is  apt 
to  strain  the  strands  and  grind  the  core  into  dust,  and  on  the  size  of 
the  pulleys  in  a  great  measure  depends  the  life  of  the  rope.  As  a 
general  rule  the  circumference  of  a  pulley  should  not  be  less  than 
thirty  times  that  of  the  rope  which  works  on  it.  In  apportioning 
the  distance  between  the  driver  and  the  driven  shafts,  great  latitude 
may  be  allowed ;  a  distance  of  from  20  to  60  ft.  may  be  taken  as  a 
fe,ir  space. 

The  mode  of  applying  a  complete  system  of  Rope  Gearing  is 
illustrated  in  Figs.  1  and  2,  Plate  57,  which  show  a  factory  for 
spinning  and  weaving  jute  belonging  to  Messrs.  A.  and  J.  Nicoll 
at  Dundee,  and  fitted  up  by  Messrs.  Pearce  Brothers,  Lilybank 
Foundry  of  that  town ;  this  gearing  has  been  working  from  June 
1870.  Fig.  1  represents  a  section  of  the  factory,  showing  the 
engine  flywheel  A,  which  is  22  ft.  diameter,  and  has  eighteen 
grooves  cut  in  its  circumference;  its  width  is  4  ft.  10  in. 
over  all.      The  engine  makes   43   rev.  per  min.,   and  the  velocity 
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of  tlic  periphery  of  the  flywheel  is  therefore  2972  ft.  per  min.  The 
power  of  the  engiue  varies  from  400  to  425  lud.  H.  P. ;  the  power 
transmitted  by  each  of  the  ropes,  which  are  6|  in.  circumfereuce,  is 
therefore  about  23  H.  P.  The  power  is  transmitted  to  the  ground 
floor  by  five  ropes  on  to  a  pulley  B,  7  ft.  6  in.  diameter,  the  power 
required  being  1 15  Ind.  H.  P. ;  that  to  the  first  floor  by  four  ropes  to 
a  pulley  C,  5  ft.  6  in.  diameter,  the  power  required  being  92  Ind.  H.  P. ; 
and  that  to  the  attic  by  four  ropes  on  to  a  pulley  D,  5  ft.  6  in.  diameter, 
the  power  required  being  92  Ind.  H.  P. ;  two  shafts  being  required 
in  this  room,  the  power  to  the  second  shaft  E  is  transmitted  by 
horizontal  ropes.  On  the  other  side  of  the  engine  shaft  five  ropes 
transmit  115  Ind.  H.  P.  to  a  weaving  shed,  the  pulley  F  being  7  ft.  6  in. 
diameter.  The  ropes  should  never  be  so  heavily  loaded  as  to 
draw  them,  even  on  short  spans,  to  a  near  approach  to  a  straight 
hue ;  in  this  factory  each  rope,  travellicg  at  a  velocity  of  2972  ft. 

per  mill.,  transmits  as  above  23  Ind.  H.  P. ;  the  tension  on  the  rope 

.     ,,         _         33,000x23        o^^  11  1  •  1     •  1  1 

IS  therefore  ~  oq-.^~  =  2od  lbs.,  which  is  a  very  long  way  under 

the  breaking  strength  of  the  ropes. 

It  will  be  seen  from  Fig.  8,  which  shows  a  section  of  two  grooves 

with  their  appropriate  ropes,  that   the   ropes  do   not   rest   on  the 

bottom  of  the  groove,  but  on  its  V  shaped  sides;  these  sides  are 

generally  made  at  an  angle  of  about   40°  to    each   other.     If  the 

angle  at  which  the  grooves  are  formed  is  very  obtuse,  the  ropes  will 

slip ;  if  too  acute,  much  friction  may  be  caused  by  the  rope  becoming 

■wedged  into  the  groove.     As  the  sum  of  the  tensions  upon  the  two 

parts  of  a  band  is  the  same,  whatever  be  the  pressure  under  which 

the  band  is  drawn  or  the  resistance  overcome,  the  returning  side 

of  the  rope  is  as  much  slackened  as  the  working  side  is  tightened. 

It   is   therefore   generally   advisable,    "when  it  can  be  so  arranged, 

to  have  the  tight  or  driving  side  of  the  ropes  at   the   bottom,    so 

tliat   the  returning    side  may    lap    round    the  top  of  the  pulleys, 

and  consequently  obtain  extra  bearing  Surfiice  ;  when  the  opposite 

is   the    case,    the    ropes   fall   sooner   out   of   the  grooves,    and    so 

lessen  tlie  bearing  surface.     It  is  not  always  practicable  to  arrange 

this,  and  in  the  case  of  taking  the  power  ofi'both  sides  of  the  driving 

pulley,  it  is  obviously  impossible. 
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It  will  be  noticed  from  Fig.  1  that  none  of  the  shafts  of 
this  factory  are  driven  from  the  flywheel  by  less  than  fonr  ropes, 
the  strain  on  each  rope  being  only,  as  shown  above,  256  lbs. ;  it  may 
therefore  be  supposed  that  a  greater  weight  may  temporarily  be  put 
upon  a  rope,  in  case  any  of  the  ropes  should  require  to  be  tightened 
up,  and  this  is  often  done.  A  rope  is  taken  off  at  a  meal  hour, 
re-spliced,  and  put  on  again  at  the  next  stoppage  of  the  engine,  thus 
avoiding  any  necessity  for  night  Avork  or  overtime.  Nio-ht  work 
should  always  be  avoided,  for  besides  the  extra  expense  incurred, 
the  work  is  never  so  well  done  by  artificial  light  as  it  is  done  by 
daylight. 

In  Figs.  4  to  6,  Plate  58,  is  shown  the  arrangement  of  rope 
gearing  in  the  Samnuggur  Jate  Factory,  Calcutta,  which  is  a 
one-storey  building,  all  the  machinery,  both  spinning  and  weaving, 
being  on  the  ground  floor.  The  engines  are  placed  near  the  middle 
of  the  building ;  they  are  about  1000  lud.  H.  P.,  and  make  43  rev. 
per  min. ;  the  flywheel  is  28  ft.  diam.,  and  6  ft.  7  in.  width  ;  the 
velocity  of  the  periphery  being  8782  ft.  per  min.  The  ropes  are  6|  in. 
circumference  ;  eighteen  ropes  transmit  the  power  to  the  right- 
hand  or  spinning  side,  and  seven  ropes  to  the  left-hand  or  weaving  side, 
making  a  total  of  twenty-five  ropes;  each  rope  therefore  transmits 
40  Ind.  H.  P.     The  tension  on  each  rope  due  to  this  load  at  the  above 

velocity  is     ''   „_„., =  349  lbs.,  which  is  rather  a  heavier  load 

than  in  the  factory  previously  described;  all  the  shafts  are  also 
driven  by  more  than  one  rope,  with  the  exception  of  some  of 
the  line  shafts  in  the  weaving  shed.  Eope  gearing  was  only 
adopted  in  this  case  after  the  most  searching  enquiry  as  to  its 
suitability  for  working  in  the  warm  and  humid  climate  of  Calcutta, 
and  its  adoption  has  been  attended  with  very  satisfiictory  results, 
both  in  this  case  and  also  at  the  Sealdah  Mills  in  Calcutta. 

In  Plates  57  and  58  are  shown  the  arrangements  adopted  when 
the  factories  have  been  specially  designed  for  rope  gearing  ;  but  this 
gearing  has  often  been  appHed  to  replace  toothed  gearing  in  mills 
already  built.  The  plan  then  adopted  is  to  put  in  a  new  grooved 
flywheel,  or  to  place  grooved  segments  upon  the  existing  flywheel, 
when  the  speed  is  sufficiently  great  to  allow  of  a  limited  number  of 
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ropes  being  employed,  and  the  width  of  the  wheel  pit  is  also  sufiB.cient 
for  tlic  purpose;  but  if  tin's  plan  cannot  be  adopted,  grooved  pulleys 
are  put  on  the  second  motion  shaft,  and  the  ropes  carried,  to  the 
different  storeys  of  the  mill.  It  has  even  sometimes  been  necessary 
to  pnt  in  a  counter-shaft,  so  as  to  gain  speed  and  get  snflBcient  length 
between  the  centres  of  the  shafts  on  which  the  pulleys  are  placed. 

A  comparison  has  now  to  be  made  between  the  system  of  rope 
gearing  and.  the  other  two  systems  in  use  at  the  present  time.  The 
system  in  most  general  use  is  toothed  gearing;  in  this  the  first 
driver  is  the  spur-wheel  fitted  on  the  crank  shaft  of  the  engine, 
into  which  is  geared  the  driven  pinion  of  smaller  size.  lu  order  to 
ensure  the.se  two  wheels  working  well,  it  is  absolutely  essential 
that  the  centres  of  the  engine  shaft  and  the  pinion  shaft  are 
rigidly  fixed  at  the  correct  distance  from  each  other,  and  that  the 
teeth  of  the  two  wheels  are  accurately  of  the  same  jiitch  and  size. 
The  first  of  these  objects  is  attained  by  making  the  engine  bed,  in  a 
horizontal  engine,  a  strong  rigid  casting  resting  on  an  expensive 
ashlar  foundation ;  or  in  a  beam  engine  the  foundations  are  alone 
depended  upon.  If  these  objects  are  attained,  the  wheels  ought  to 
work  smoothly  and  without  much  noise ;  but  how  often  this  desirable 
result  is  attained  requires  only  a  walk  to  be  taken  through  the 
streets  of  a  manufacturing  town,  to  ascei-tain  by  the  rumbling  noise 
sometimes  heard  at  a  distance  of  several  hundred  yards  that  all  is 
not  as  it  should  be  for  the  safe  and  economical  transmission  of  the 
power  of  the  steam  engine.  If  the  factory  consists  of  more  than 
one  storey,  the  power  has  to  be  taken  from  the  second  motion  shaft 
by  means  of  an  upright  shaft  and  bevil  wheels,  requiring  heavy 
wall-boxes,  and  strong  walls  to  keep  the  wall-boxes  in  their  places  : 
the  whole  object  in  the  construction  of  the  factory  being  to  secure  a 
rigid  and  immovable  structure,  a  matter  which  is  very  difficult  to 
attain. 

In  the  case  of  rope  gearing,  the  ropes  by  which  the  power  is 
transmitted  consist  of  an  elastic  substance  ;  and  their  lightness, 
elasticity,  and  comparative  slackness  between  the  pulleys,  are  highly 
conducive  to  their  taking  up  any  irregularity  that  may  occur  in  the 
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motive  power.  This  accounts  for  the  slight  attachments  that  are 
required  for  shafting  driven  by  ropes  from  a  grooved  flywheel ;  and  it 
is  the  same  with  all  the  bearings  throughout  the  mill,  the  shafts  in  the 
various  flats  only  requiring  a  light  wall-box  or  bracket,  or  the  bearing 
may  be  carried  on  a  column  of  the  mill.  The  cost  of  fitting  up  a 
mill  with  rope  gearing  is  considerably  less  than  with  toothed  gearing, 
when  the  shafts  to  be  driven  revolve  at  a  high  speed ;  but  the  cost  is 
about  the  same  in  other  cases.  It  is  however  rather  difiicult  to 
give  exact  figures  for  this  comparison,  one  great  saving  being  in  the 
foundations  of  the  engine,  the  wall-boxes,  and  the  extra  strength  of 
the  walls  required  for  upright  shafts. 

The  great  advantage  of  rope  gearing  however  is  the  entire 
freedom  from  any  risk  of  a  breakdown ;  when  a  rope  shows 
symptoms  of  giving  way — and  ropes  always  give  symptoms  of 
weakness  long  before  they  break — the  weak  rope  can  be  removed  and 
another  put  in  its  place  at  any  meal  hour  or  evening.  The  cost  of 
the  maintenance  of  I'opes  for  transmitting  400  Ind.  H.  P.  has  been 
found  to  be  £20  per  annum,  or  about  £5  per  100  Ind.  H.  P.  per 
annum.  This  is  made  up  of  the  cost  of  renewal  of  the  ropes,  and 
occasional  wages  for  tightening  them.  Some  ropes  have  been  found 
to  run  10|  years  ;  but  as  a  general  rule  the  life  of  a  rope  may  be  said 
to  be  from  three  to  five  years,  though  even  five  years  has  often 
been  much  exceeded. 

The  friction  of  rope  gearing  has  been  found  to  be,  for  high 
speeds,  considerably  less  than  that  of  toothed  gearing ;  but  the 
writer  regrets  not  being  able  to  give  definite  information  on  this 
point,  which  is  a  very  important  one  to  those  contemplating  altering 
their  gearing  or  building  new  works.  The  reason  why  no  definite 
information  can  be  given — beyond  the  universal  impression  of  those 
who  have  adopted  them,  that  i"opes  require  less  power  to  drive  than 
toothed  gearing — is  that,  in  all  cases  where  rope  gearing  has  been 
substituted,  other  alterations  have  been  made  at  the  same  time,  or 
the  engines  were  after  the  alteration  driven  at  an  extra  speed  of  10 
or  15  rev.  per  miu.  However,  everyone  who  has  substituted  rope 
gearing  for  toothed  geai'ing  also  agrees  in  bearing  testimony  to  the 
great  improvement  and  steadiness  of   driving   obtaiued  after  the 
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alteration,  and  that  the  machinery  i.s  enabled  to  turn  off  a  greater 
weight  of  yarn.s  in  the  same  time.  The  tendency  at  the  present 
time,  with  the  introduction  of  shorter  hours  of  labour  and  witl) 
foreign  competition,  being  to  increase  the  speed  of  shafting  and 
machinery,  the  ability  by  this  means  to  increase  the  speed  of  the 
shafts  must  be  of  great  advantage  to  those  who  own  old  mills,  the 
toothed  gearing  of  which  is  generally  driven  as  fast  as  it  is  safe  to 
drive  it. 

The  ropes  used  for  rope  gearing  are  made  of  hemp  carefully 
selected :  the  qualification  of  a  good  rope  being  that  the  fibres  should 
be  as  long  as  possible,  and  that  the  rope  should  be  well  twisted  and 
laid,  and  yet  be  soft  and  elastic.  It  is  also  very  important  that  the 
ends  of  the  rope  should  be  united  by  a  uniform  splice,  which 
should  not  be  of  a  greater  diameter  than  the  other  part  of  the  rope ; 
to  effect  this  object  the  splice  is  made  about  nine  or  ten  feet  long  for 
a  rope  of  6|  in.  circumference. 

The  compai-ison  between  rope  gearing  and  toothed  gearinjr  having 
been  made,  it  remains  to  compare  ropes  and  leather  belts,  which  latter 
have  been  lately  used  in  the  manufacturing  districts  of  Lancashire 
and  Yorkshire  for  the  transmission  of  large  powers.  The  writer 
has  not  been  able  to  obtain  very  satisfactory  information  as  to  the 
amount  of  power  absorbed  in  friction  by  large  belts ;  in  some  cases 
it  has  been  said  to  be  more  and  in  some  less  than  with  toothed 
gearing.  The  most  trustworthy  information  he  has  obtained  is  in 
the  case  of  a  four-storey  woollen  mill,  where  an  upright  shaft  with 
bevil  gearing  was  replaced  by  two  belts,  one  22  in.  wide  and  the 
other  27  in.  wide,  the  power  transmitted  being  400  Ind.  H.  P.,  and 
the  speed  of  the  belts  3000  ft.  per  min. ;  the  driving  pulleys  are 
on  the  second  motion  shaft.  In  this  case  the  power  is  stated  to 
be  the  same  with  the  belts  as  it  was  before  the  alteration;  but, 
as  in  the  case  of  rope  driving,  the  "  turning  "  is  found  to  be  much 
superior  to  what  it  was  before  the  alteration.  The  width  of  the 
pulleys  for  ropes  is  generally  rather  less  than  for  belts  transmitting 
the  same  power;  but  there  is  .some  difference  of  practice  as  to  the 
width  of  belt  used  for  transmitting  a  certain  power.     The  cost  of 
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hemp  ropes  is  considerably  less  than  of  leather  belting,  the  cost 
of  hemp  ropes  being  about  Is.  per  lb.  against  3s.  per  lb.  for  leather 
belts.  The  grooved  pulleys  for  ropes  cost  more  than  plain  pulleys, 
but  making  allowance  for  this,  the  total  cost  of  ropes  and  grooved 
pulleys  for  transmitting  a  given  power  does  not  exceed  one-half  or 
two-thirds  the  cost  of  leather  belting  and  flat  pulleys.  The  advantage 
of  ropes  over  belting  however  lies  in  the  power  being  divided  up  into 
a  number  of  ropes,  so  that  in  the  case  of  any  one  of  the  ropes 
showing  symptoms  of  Aveakuess,  that  rope  may  be  removed  by 
stopping  the  engine  for  a  few  minutes,  the  remaining  ropes  continuing 
to  do  the  work  until  the  regular  time  of  stoppage  of  the  engine.  In 
the  case  of  belting,  as  only  one  belt  is  employed  to  drive  one  flat 
of  a  mill,  if  anything  were  to  occur  to  the  belt,  the  whole  of  that 
flat  would  be  stopped  until  the  belt  was  repaired. 

Judging  from  the  practice  adopted,  the  comparative  amount,  of 
power  transmitted  by  certain  sizes  of  ropes  and  widths  of  double 
belts,  the  writer  finds  that  a  rope  of  G^  in.  circumference  does  about 
the  same  amount  of  work  at  a  given  speed  of  say  3000  ft.  per  min. 
as  a  belt  4  in.  wide.  This  width  however  represents  the  smallest 
width  adopted  as  a  rule,  5  in.  corresponding  to  the  American  practice  ; 
but  taking  a  4  in.  belt,  the  bearing  surface  of  a  rope  of  6|  in. 
circumference  on  the  sides  of  the  grooves  in  a  4  ft.  6  in.  pulley  will 
bo  half  the  circumference,  or  85  in.,  and  allowing  the  rope  half  an 
inch  width  of  bearing  on  each  side,  or  one  inch  for  both  sides,  the 
total  bearing  surface  is  85  x  1  =  85  sq.  in.,  whilst  the  belt  has 
85  X  4  =  340  sq.  in.,  or  four  times  the  amount.  Consequently,  in 
order  that  a  rope  of  6j  in.  circumference  may  transmit  as  much 
power  at  the  same  tension  as  a  4  in.  belt,  the  effective  pressure  per 
sq.  in.  of  the  bearing  surface  of  the  rope  on  the  pulley  must  be  at 
least  four  times  as  great  as  that  of  the  belt. 

In  order  to  obtain  some  information  bearing  on  this  point,  a  set 
of  experiments  have  been  made  by  Mr.  A.  W.  Pearce,  at  Lilybank 
Foundry,  Dundee,  the  results  of  which  are  given  in  the  Table 
appended.  The  experiments  were  made  with  the  materials  at  hand  ; 
both  the  pulleys  were  just  as  they  came  from  the  lathe,  and  equally 
smooth,  and  they  were  nearly  the  same  size,  as  named  in  the  table. 

e3 
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Comparing  together  Nos.  2  and  5  experiments,  it  is  seen  that  an 
nngreased  rope  of  6  in.  circumference,  with  336  lb.  suspended  at  one 
end,  and  passing  over  a  4  ft.  9  in.  grooved  pulley  which  was  at  rest, 
required  only  28  lb.  at  the  other  end  to  prevent  slipping ;  whilst  a 
half-worn  good  single  leather  belt  4  in.  wide,  with  the  same  load  of 
336  lb.  at  one  end,  and  passing  over  a  4  ft.  6  in.  pulley,  required  113  lb. 
at  the  other  end  to  prevent  slipping,  or  about  4  times  as  much  as  with 
the  rope.  The  bearing  surface  of  the  rope  would  be  only  about 
l-4th  that  of  the  belt,  and  the  effective  pressure  per  sq.  in.  of  the 
bearing  surface  of  the  rope  was  consequently  in  this  case  16  times 
as  great  as  that  of  the  belt.  In  the  experiment  No.  4  a  double 
leather  belt  6  in.  wide  and  f  in.  thick,  with  the  same  load  of  336  lb. 
at  one  end,  and  passing  over  a  4  ft.  6  in.  pulley,  required  98  lb.  at  the 
other  end  to  prevent  slipping,  or  3i  times  as  much  as  with  the  rope 
of  6  in.  circumference.  The  experiments  show  however  such  a  great 
difference  between  the  results  with  different  sizes  of  ropes,  as  to 
make  it  impossible  to  come  to  any  definite  proportion  between 
the  friction  of  ropes  and  belts ;  but  they  show,  as  was  to  have 
been  expected,  that  ropes  have  a  considerably  greater  hold  on  the 
V  shaped  grooves  per  sq.  in.  of  bearing  surface  than  flat  belts  have 
on  pulleys. 

The  writer  has  been  informed  that  in  the  United  States  several 
rolling  mills  are  driven  by  means  of  flat  leather  belts,  and  that 
very  satisfactory  results  are  obtained  by  their  use ;  and  he  wishes  to 
draw  the  attention  of  members  engaged  in  this  department  of 
manufacture  to  the  suitability  of  rope  gearing  for  this  purpose. 
Although  he  is  not  aware  of  any  practical  example  of  its  having 
been  applied  to  driving  rolling  mills,  he  is  confident  that  from  the 
slackness  with  which  the  ropes  can  work,  and  the  hold  they  have  on 
the  grooves  of  the  pulleys,  they  would  be  admirably  adapted 
for  taking  up  the  shock  which  is  thrown  upon  the  gearing  of  a  train 
of  rolls  when  the  iron  enters  the  rolls. 
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Mr.  DuRiE  exliibited  a  specimen  of  a  rope  7  in.  circumference, 
which  showed  very  little  wear  after  working  4|  year.s  under  a 
strain  of  205  lbs.  at  a  speed  of  2900  ft.  per  min.,  transmitting 
18  Ind.  H.  P.  Also  a  specimen  of  a  new  rope  showing  the  mode 
of  splicing. 

The  President  remarked  that  Manchester  was  the  place  where 
leather  belting  was  more  used  than  almost  anywhere  else ;  and 
there  were  doubtless  many  of  the  Members  who  could  give  the 
results  of  experience  upon  the  subject. 

Mr.  E.  J.  C.  Welch  said  the  subject  of  the  transmission  of 
power  by  means  of  either  belts  or  ropes,  instead  of  by  toothed 
wheels,  was  occupying  an  unusual  amount  of  attention  in  the 
Lancashire  district  at  the  present  time.  In  the  paper  just  read  an 
account  had  been  given  of  the  particular  arrangements  adopted  in 
one  or  two  instances ;  that  these  arrangements  were  sufficient  for 
their  purposes  might  be  inferred  from  the  fact  that  they  were 
working ;  but  there  was  nothing  to  show  that  they  were  not  greatly 
in  excess  of  the  requirements ;  and  that  being  so,  it  was  not 
possible  to  deduce  from  them  any  definite  formulae  or  rules  for  the 
correct  proportioning  of  the  various  parts.  The  arguments  adopted 
throughout  the  paper  entirely  disregarded  the  principles  upon 
which  the  action  of  rope  and  belt  gearing  depended.  It  was  stated 
that  "the  ropes  should  never  be  so  heavily  loaded  as  to  draw  them, 
even  on  short  spans,  to  a  near  approach  to  a  straight  line  " ;  but  it 
was  difficult  to  know  what  was  meant  by  this  expression,  as  it 
would  require  an  infinite  force  to  draw  a  rope  up  to  a  really  straight 
line  horizontally,  and  the  rope  would  of  necessity  break  before  it 
was  brought  even  "  to  a  near  approach  to  a  straight  line."  The 
normal  tension  on  the  belt  or  rope  could  be  ascertained  exactly,  that 
is,  the  tension  requisite  to  transmit  a  given  amount  of  power. 

With  regard  to  the  angle  of  the  rope  grooves  in  the  iron  pulleys, 
it  was  clear  that,  if  the  angle  was  so  acute  that  the  tangent  of  its 
lialf  was  less  than  the  coefficient  of  friction  between  the  iron  and 
the  rope,  the  rope  would  then  hang  in  the  grooves.     The  most 
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suitable  angle  tlierefore  would  probably  be  double  tbat  wbose 
tangent  was  equal  to  the  coefficient  of  friction. 

In  horizontal  belts  or  ropes  tbe  importance  of  having  the  tight 
or  driving  side  at  the  bottom  was  not  fully  realised  at  all  times ; 
and  it  was  desirable  for  it  to  be  known  that,  as  the  transmitting 
power  of  the  belt  increased  as  10''  (where  a  was  the  angle  of 
contact  with  the  pulley),  the  increase  in  the  arc  of  contact  caused 
by  the  slack  side  of  the  rope  being  on  the  top  ve7'y  maierially 
increased  its  hold  upon  the  pulley.  It  was  remarked  that  the 
advantage  of  ropes  over  belting  lay  in  the  power  being  divided  up 
into  a  number  of  ropes ;  that  however  was  frequently,  and  as 
advantageously,  done  with  belts,  working  on  pulleys  divided  by 
flanges. 

In  the  comparison  drawn  between  a  rope  of  6|  in.  circumference 
and  a  belt  of  4  in.  width,  each  transmitting  the  same  amount  of 
power,  the  argujnent  adopted  in  the  paper  was  clearly  fallacious. 
It  assumed  that  the  coefficient  of  friction  was  the  same  in  both 
cases ;  but  even  had  this  been  so,  the  statement  made  about  the 
relative  pressure  of  the  rope  and  of  the  belt  upon  the  pulley  was 
still  incorrect,  because  with  grooved  rope  pulleys  of  the  same  size 
as  the  belt  pulleys,  and  with  a  tension  of  rope  equal  to  that  of 
the  belt,  the  pressure  per  square  inch  of  contact  surface  was  not 
simply  inversely  as  the  extent  of  that  surface ;  but  in  the  case  of 
the  grooved  pulley  it  was  the  product  of  the  radial  pressure  at 
every  point  multiplied  by  the  cosecant  of  half  the  angle  formed 
by  the  two  sides  of  the  groove.  Then  if  the  series  of  these  pressures 
round  the  arc  of  contact  was  integrated,  the  requisite  normal 
tension  N  on  both  sides  of  the  rope  when  at  rest  (being  half  the 
sum  of  the  tension  on  the  tight  and  slack  sides  when  in  motion) 
was  found  to  be 

000758  a  f  cosec  x 

yr _  R  go +J0 

-'■'   —  000758  a  f  cosec  x 

2  (10  -  1) 

in  which  R  =  the  force  actually  transmitted  to  the  surface  of  the 
pulley,  being  the  difference  between  the  tensions  on  the  tight  and 
slack  sides  of   the  rope ;  a  =  the  angle  of   contact  (in  degrees)  ; 
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f  =  the  coefficient  of  friction :  and  x  =  half  the  angle  formed  by 
the  two  sides  of  the  groove  in  the  pulley.  In  the  case  of  an 
ordinary  pulley  and  belt  the  value  of  X  became 

000758  a/ 

..     R  (10  +  1) 

-^  —  ooorasa/ 

2  (10  -  1) 

For  example,  assuming  that  it  was  requii'ed  to  transmit  in  each 

case  to  the  surface  of  the  pulley  an  effective  force  of  say  10,000  lb., 

and  that  the  arc  of  contact  was  180*^,  and  the  angle  of  the  grooves 

40°,  so  that  cosec  x  =  cosec  20°  =  2924;  and  assuming  further 

that  the  coefficient  of  friction  (0'423)  which  applied  to  leather  belts 

and  iron  pulleys  also  held  good  for  hemp  ropes ;  then  in  the  case  of 

the  rope  and  grooved  pulley, 

000758  X  180  X  0423  x  2924 

_  10,000  (10 +1) 

-^  ~  000758  X  180  X  0-423  x  2924 

2      (10  - 1) 

1-68756 

..,,.         10 +  1 

=  ^000  X  i.fts756 

10  -1 

=  5200  lbs.  nearly 

1-68-56 
(10  being  the  number  whose  logarithm  is  1*68756,  namely  48*7035) 

In  the  case  of  the  leather  belt 

0  00758  X  180  X  0-423 

_  10,000  (10 +1) 

•^   ~  0-00758  X  180  X  0423 

2      (10  -1) 

05771 
=  5000   X    ^^-s;;:"^^ 

10         -1 
=  8600  lbs.  nearly. 

05771 

(10         being  the  number  whose  logarithm  is  0*5771,  namely  3-7766) 
Thus  for  the  rope  only  to  transmit  the  same  power  as  the  belt,  the 

diameters  of  the  pulleys  and  their  speeds  being  the  same  in  both 

5"^ 
cases,  the  normal  tension  of  the  rope  was  required  to  be  only  ^  or 

about  60  per  cent,  of  that  of  the  belt,  and  not  equal  to  it  as  was 

stated  in  the  paper. 

It  was  commonly  thought  that  if  two  pulleys  were  connected 

together  by  a  belt  they  would  run  at  the  same  surface  velocity ;  that 
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is,  if  the  pulleys  were  equal  in  diameter  they  would  make  the  same 
iium.ber  of  revolutions  in  a  given  time.  This  was  however  not  the 
case,  because  the  di'iving  pulley  would  run  faster  than  the  one  which 
was  driven,  the  difference  in  the  velocities  increasing  as  the  resistance 
of  the  driven  pulley  was  increased ;  and  this  was  due  to  the  belt  being 
stretched  as  it  approached  the  driving  pulley,  and  re-contracting  as 
it  returned  towards  the  driven  one. 

The  short  table  of  experiments  given  in  the  paper  certainly 
appeared  to  present  a  wide  diversity  of  results,  which  was  probably 
due  to  the  different  bearing  that  the  ropes  of  various  sizes  took  in 
the  groove  of  the  pulley ;  for  whilst  several  sizes  of  ropes  were 
tried,  from  oj  to  7  in.  circumference,  they  all  differed  from  the 
size,  6\  in.,  for  which  the  pulley  used  was  stated  to  have  been 
grooved.  In  the  case  of  leather  belting  and  iron  pulleys,  a  coefficient 
of  friction  had  been  deduced  from  the  average  of  some  two  hundred 
distinct  experiments ;  and  it  was  desirable  that  equally  reliable 
coefficients  should  be  established  for  other  materials  used  for  belt 
or  rope  gearing.  Having  deduced  the  coefficient  of  friction  /  for 
each  of  the  five  experiments  given  in  the  table,  he  had  found  the 
results  were  as  follows  : — 


s'o. 

Coefficient  of  Friction. 

Unarreased. 

Gretiscd. 

1 

Eope 

0-195 

0-129 

2 

do. 

0-270 

0-143 

3 

do. 

0-345 

4 

Belt 

0-392 

0-295 

5 

do. 

0-347 

The  mean  value  of  /  deduced  from  the  five  data  in  experiments 
Xos.  1,  2,  and  3  was  0'24;8,  which  was  not  the  same  as  the  mean  of 
the  five  deduced  values  of  /  for  those  experiments  ;  for,  instead  of 
taking  simply  a  mean  between  the  five  values  of  /  itself,  the  mean 
value  of  the  ratio  of  the  weights  at  the  two  ends  of  the  rope  was 
taken,  and  a  value  for  /  deduced  from  it. 

In  order  to  obtain  the  coefficient  of  friction  /  for  a  rope  of  any 
material  working  on  a  grooved  pulley,  the  angle  formed  by  the  two 
sides  of  the  groove  being  called  2  x,  it  was  only  necessary  to  fix  the 
pulley  upon  a  fast  horizontal  shaft  so  that  it  could  not  revolve, 
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and  to  place  the  rope  in  the  groove  -vrith  its  ends  hanging  down  of 
an  equal  length  on  each  side,  and  to  attach  a  weight  Q  to  one  end 
of  the  rope,  and  to  the  other  end  a  heavier  weight  P  such  as  would 
only  just  draw  up  the  weight  Q.  For  if  the  series  of  the  infinitely 
small  differences  of  tension  around  the  whole  arc  of  contact  was 
integi-ated,  the  relation  between  the  final  tensions  P  and  Q  at  the 
two  ends  of  the  rope  was  found  to  be 

p  0-00758  a  f  cosec  x 

and  the  angle  of  the  arc  of  contact  being  180°, 

p       0-00758  X  180  X  /  cosec  x  1-3&1  /  cosec  x 

5  =  10  =  10 

10-? 
Therefore  log  ^  =  1-364  /  cosec  x,  and  /  =  y^^^^ri 

and  to  avoid  division  it  was  convenient  to  multiply  instead  by  the 

reciprocals  of  1364  and  cosec  a?,  when  the  formula  became 

p 
f  =  0/33  sin  X  log  Q 

p  000758  X  180  X  /  1-3&4 / 

For  ordinary  flat  belting  -  =  10  =  10 

Therefore  log  ^  =  1364  /,  and  /  =  ^  =  0733  log  | 

The  smallest  diameter  of  pulley  found  desirable  in  practice  had 
been  stated  in  the  paper  to  be  thirty  times  the  diameter  of  the  rope ; 
but  it  must  be  borne  in  mind  that  the  sectional  area  of  the  rope 
would  also  vary  inversely  as  the  diameter  of  the  pulley,  for  the 
transmission  of  a  given  power  at  a  given  number  of  revolutions 
per  minute.  Therefore  it  was  evident  that  all  the  conditions  must 
be  taken  into  account  at  the  same  time,  which  was  done  as 
follows  : — putting  d  ■=■  diameter  of  rope  in  inches  when  one  only 
was  used,  so  that  diameter  of  smaller  pulley  =  30  cZ ;  H  =  indicated 
horse  power  to  be  transmitted ;  V  =  number  of  revolutions  per 
minute  made  by  smaller  pulley ;  T  =  safe  working  strength  of  rope 
in  lb.  per  sq.  in.  of  section ;  R  =  force  actually  transmitted  to  the 
surface  of  the  pulley,  or  the  difference  between  the  tensions  P  and  Q 
of  the  tight  and  slack  sides  respectively  of  the  rope  when  at  work. 
_,         „         R  X  31416  X  30rf  X  V       ,         ,  ,         420168  H     „    ,    , 

Inen  Jl  =  12  x  3:}000 '  therefore  a  =  — yg — .    But,  by 
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the  theory  of  the  action  of  ropes  on  grooved  pulleys,  R  =  P  —  Q  = 
P  X  (l  —  10  *"),  where  m  =  0-00758  a/cosec  aj.  And  P  being  the 
tension  in  lbs.  of  the  tight  or  driving  side  of  the  rope  when  at 
work  was  therefore  the  maximum  tension,  which  must  not  exceed 
the  safe  working  strength  of  the  rope;    so  that 

P  =  0-7854  d"^  X  T,  and  R  =  0-7854  c?'  x  T  (l  -  10     f 

4201-68  H 


Therefore  d 


0-7854  rf-VT  (l-  10  '") 
3     /      5349-733  H 


-V 


VT  (l  -  lo'") 

Should  it  be  found  desirable  to  use  a  number  of  smaller  ropes, 
instead  of  a  single  large  one,  it  could  readily  be  so  arranged ;  and 
if  the  same  proportion  of  1  to  30  between  the  diameter  of  the  rope 
and  that  of  the  pulley  were  still  retained,  it  was  necessary  that,  as 
the  diameter  of  the  ropes  was  diminished,  the  diameter  of  the  pulley 
also  should  be  diminished  in  the  same  proportion.  But  this  reduced 
pulley  would  have  a  correspondingly  reduced  surface  velocity ; 
therefore,  in  order  to  transmit  the  same  horse  power  as  before,  at 
the  same  number  of  revs,  per  min.,  it  was  requisite  to  transmit  more 
force  at  the  surface  of  the  pulley ;  and  to  do  this  without  exceeding 
the  maximum  tension  to  be  borne  by  each  unit  of  area  of  rope, 
it  became  necessary  further  to  increase  in  like  proportion  the 
number  of  ropes  to  be  used.  Let  h  =  number  of  I'opes  to  be  used 
instead  of  one ;  d  =  diameter  of  rope  when  one  alone  was  used,  as 
ascertained  by  previous  formula ;  I  =  diameter  of  each  rope  when 
h  ropes  were  used ;  then  diameter  of  smaller  puUey  when  h  ropes 
were  used  =  30  I.  The  sectional  area  of  the  single  rope  would  be 
to  that  of  one  of  the  smaller  ropes  as  (i^  to  Z^;  and  the  force  to  be 
transmitted  at  tlie  surface  of  the  then  proportionately  smaller  pulley 
would  be  to  that  at  the  surface  of  the  original  pulley  as  d  to  I. 
Therefore  the  number  of  ropes  h  to  be  used  would  increase  as  the  area 
of  the  single  rope  to  the  area  of  one  of  the  smaller  ropes,  or  as  -^; 

and  further  as  the  surface  velocity  of  original  pulley  to  the  surface 

d     ^  ,  di        d        di 

velocity  of  reduced  pulley,  or  as  j;  hence  o   =   fz  ^  1  ~  7^'^  ^ 

I  =  "3 — .    From  the  foregoing  formulae  all  the  details  in  connection 

■/  b 
Ainth  rope  driving  gear  could  be  obtained.  f  S( 
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Mr.  A.  Paget  said  that  some  years  ago  he  had  been  desirous 
to  get  all  the  published  information  he  could  on  the  subject  of  the 
friction  of  ropes  on  grooved  pulleys,  to  aid  him  in  some  experiments 
he  was  making ;  but  he  had  not  obtained  any  that  was  satisfactory. 
He  then  made  a  series  of  upwards  of  900  experiments  to  ascertain 
the  proper  coefficient  of  various  sorts  of  ropes  under  different 
circumstances  on  pulleys  of  different  materials  and  with  different 
forms  of  grooves.  But  on  comparing  them  he  had  found  the  results 
were  so  different  among  themselves,  under  circumstances  differing 
so  slightly,  that  he  did  not  consider  them  worth  preserving ;  with 
the  same  rope  on  the  same  pulley  on  several  different  days  he  got 
coefficients  of  friction  varying  as  much  as  50  per  cent.,  the  friction 
being  double  on  one  day  what  it  was  on  another.  That  was  due  he 
presumed  to  the  different  effects  that  the  weather  produced  on  the 
rope,  and  also  probably  on  the  iron.  .  Of  course  if  the  pulleys  had 
been  kept  constantly  running  the  surface  of  the  iron  would  have 
been  kept  in  a  more  constantly  equal  condition  ;  but  the  pulleys  on 
which  he  had  experimented  were  used  at  intervals  only  and  were 
also  stationary  pulleys,  as  those  used  in  the  experiments  given  in 
the  paper  appeared  to  have  been,  with  a  weight  on  the  one  side  and 
a  heavier  on  the  other,  which  was  increased  until  the  moment  the 
rope  started.  Many  different  qualities  of  rope  were  used,  and 
absurdly  different  results  were  obtained ;  sometimes  the  coefficient 
of  friction  would  vai*y  to  the  extent  of  three  or  four  times,  with 
a  slight  variation  in  the  quality  of  the  rope.  He  thought  therefore 
that  the  table  of  expeximents  accompanying  the  paper  would  not 
be  at  all  sufficient  to  deduce  an  average  from;  and  notwithstanding 
the  number  of  experiments  that  he  had  made,  he  thought  the 
subject  was  really  such  a  large  one  that  one  coeffi#ient  could  not  be 
safely  given  for  the  friction  of  ropes  in  grooved  pulleys. 

He  noticed  that  on  one  point  the  author  of  the  paper  had  arrived 
at  the  same  conclusion  as  he  had  himself,  that  40"^  was  about  the  best 
angle  for  the  pulley  grooves  in  order  to  get  the  best  results  and  the 
longest  wear  out  of  the  ropes.  That  was  the  conclusion  he  had 
come  to  from  the  experiments  he  had  made,  and  he  had  since  then 
always  adopted  that  angle ;  be  had  formerly  used  30°,  but  he  found 
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that  40°  would  not  wear  the  rope  unduly.  If  a  complete  series  of 
experiments  could  be  conducted  to  elucidate  the  various  coefficients 
of  ropes  on  grooved  pulleys,  he  thought  it  would  be  of  great  use  to 
engineers  with  regard  both  to  this  question  of  ix)pe  gearing  and  to 
other  questions. 

Mr.  E.  J.  C.  Welch  observed  that  if  the  angle  of  40°  were 
shown  to  be  the  best,  there  could  be  very  little  doubt  that  the 
coefficient  of  friction  was  0"364. 

Mr.  E.  A.  CowPER  mentioned  a  simple  experiment  that  he  had 
repeated  many  times,  by  hanging  over  a  fixed  pulley  or  drum  a  piece 
of  rope,  or  string,  or  tape,  or  almost  any  ordinary  kind  of  flexible 
material ;  and  hanging  a  weight  of  3  on  one  end  and  1  on  the 
other,  if  the  surface  were  a  little  smoother  than  usual  the  weights 
would  just  run,  but  if  the  surface  were  an  ordinaiy  iron  drum 
they  would  not  run.  An  ordinary  fair  leather  strap  would  stand 
an  ultimate  tensile  strain  of  51b.  on  every  square  l-8th  inch 
(320  lb.  per  sq.  in.)  ;  that  must  be  the  heaviest  ultimate  pull,  the 
puU  on  the  slack  side  being  one  third  of  the  amount,  and  of 
course  there  would  be  a  margin  within  the  ultimate  strain  for 
the  working  strain.  In  this  way  it  could  be  roughly  determined 
what  power  any  pulley  would  transmit.  The  result  arrived  at  was 
only  approximate,  as  it  could  not  be  ascertained  very  exactly ;  he 
agreed  that  the  experiments  on  this  subject  varied  considerably, 
but  certainly  not  so  much  as  50  per  cent.  The  object  was  to  take 
what  was  safe  in  ordinary  practice ;  there  might  be  a  slippery 
day  and  then  a  dry  day,  but  it  was  the  slippery  day  that  would 
govern  the  power  transmitted,  and  not  the  dry  day.  If  the  drum 
or  pulley  got  ever  so  little  rusty,  the  leather  strap  had  a  greatly 
increased  hold  upon  it;  but  the  drum  must  be  taken  in  a  fair 
ordinary  condition.  Hammers  in  forges  had  often  been  driven  by 
belts  of  pit  rope — wide  bands  made  with  rope, — and  they  answered 
very  weU  indeed. 

A  peculiar  kind  of  driving  band,  intended  for  a  special  purpose, 
to   be   used   in   damp   places   or   in   places   sometimes   damp   and 
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sometimes  dry,  varying  in  temperature,  had  been  made  with  copper 
Tvire  of  small  size,  which  was  wound  round  and  round  the  two 
pullers  till  a  good  body  of  material  was  obtained,  the  two  ends 
being  fastened  together;  then  this  body  of  wire,  not  twisted  but 
simply  wound,  was  paid  over  or  bound  vrith  tape,  and  it  made  a 
satisfactory  driving  band.  It  answered  a  great  deal  better  than 
gut,  because  gut  with  varying  temperature  and  varying  humidity 
of  the  atmosphere  was  a  very  bad  material  for  the  purpose,  to  say 
nothing  of  the  trouble  of  hooks  and  eyes  for  the  fastenings.  The 
rope  arrangement  described  in  the  paper  certainly  seemed  to  be  an 
admirable  one  for  large  powers ;  of  coui'se  the  copper- wire  baud 
that  he  had  alluded  to  was  for  transmitting  only  a  moderate 
power,  perhaps  not  more  than  2  H.  P. ;  but  for  the  large  powers 
referred  to  in  the  paper  the  rope  gearing  described  seemed  to  be  a 
very  satisfactory  arrangement. 

With  the  angle  of  A0°  that  had  been  named  for  the  rope  grooves 
the  friction  of  the  rope  upon  the  two  sides  of  the  groove  amounted 
to  nearly  three  times  as  much  as  if  the  rope  were  working  on 
the  surface  of  a  plain  dram  without  grooves.  In  the  illustration 
he  had  mentioned  of  a  rope  passing  round  half  the  circumference 
of  a  drum  or  pulley,  the  multiplication  of  3  to  1  in  the  tension  of 
the  two  portions  of  the  rope  by  the  bite  of  the  drum  or  pulley 
would  be  largely  exceeded  when  a  V  shaped  groove  was  used. 

In  America  he  understood  that  wide  leather  driving  bands  had 
been  used  to  a  large  extent ;  there  was  one  in  the  Exhibition  in 
Philadelphia  5  ft.  wide  and  186  ft.  long,  and  others  in  use  at  Lowell 
3  ft.  wide.  It  had  been  said  that  they  were  now  being  partly 
superseded  by  steel  bands,  like  band  saws  without  teeth ;  and  no 
doubt  steel  bands  passing  over  large  pulleys  would  convey  a  large 
amount  of  power,  as  of  course  the  tension  upon  them  could  be  much 
greater  than  upon  a  rope  or  a  leather  band ;  but  he  had  made 
careful  enquiries  from  a  friend  in  U.S.  America,  and  found  he  had 
been  mis-informed  as  to  their  use  there. 

Col.  Clat  mentioned  that  he  had  once  had  a  crane  driven  by  a 
rope,  and  the  experience  of  its  working  had  been  most  unfavourable. 
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It  was  a  very  heavy  travelling  crane,  and  carried  30  tons  ;  the  rope 
did  not  run  at  a  very  excessive  speed,  but  the  trouble  it  gave  was 
such  as  to  cause  great  objection.  A  hemp  rope  that  was  first  tried 
would  not  last  above  two  or  three  days.  Then  cotton  was  tried, 
and  the  first  cotton  rope  answered  much  better ;  but  when  another 
rope  was  wanted,  the  first  being  worn  out,  it  happened  to  be  the 
time  of  the  American  war,  when  long-staple  cotton  was  almost 
impossible  to  be  obtained ;  and  the  cotton  with  which  the  ropes  had 
therefore  to  be  made  was  such  that  it  was  not  much  better  than 
hemp.  The  difficidty  was  only  partially  got  over  by  having  a  band 
made  of  hide ;  that  answered  better,  and  he  believed  it  would  be 
found  that  a  hide  band  would  answer  moderately  satisfactorily — 
much  better  than  any  rope. 

In  regard  to  the  statement  in  the  paper  that  rolling  mills  had 
been  driven  by  leather  belts,  he  had  had  a  little  experience  on  that 
point,  and  had  found  the  leather  belts  work  satisfactorily ;  but  he 
should  not  like  to  drive  rolling  mills  by  means  of  ropes.  If  there 
were  no  other  reason,  the  quantity  of  fire  continually  flying  about 
in  ironworks  was  such  that  the  ropes  would  soon  come  to 
destruction  from  that  cause  alone.  Then  the  great  alternations  of 
damp  and  dryness  were  also  a  great  objection  to  the  use  of  ropes 
for  such  a  purpose. 

Mr.  John  Musgrave  believed  rope  driving  was  much  more  used 
than  the  majority  of  engineers  were  aware  of;  and  he  showed 
drawings  of  some  of  the  mills  to  which  the  plan  had  been  applied 
by  their  own  firm.  One  was  that  of  the  Howrah  Jute  Spinning  and 
Weaving  Mill,  Calcutta  (Plate  59),  which  was  driven  by  a  pair  of 
horizontal  compound  engines  on  the  tandem  principle,  running  at 
40  rev.  per  min.,  and  capable  of  indicating  about  800  H.  P,  with 
80  lb.  boiler  pressure ;  the  power  of  the  engines  was  transmitted  from 
a  fly  pulley  or  drum  of  57  tons  weight,  28  ft.  diam.,  and  5  ft.  9  in. 
wide  on  the  face,  by  22  ropes  of  6|  or  7  in.  circumference,  running 
at  3520  ft.  per  min. ;  that  he  thought  was  a  very  good  plan,  to 
have  the  drum  of  great  weight  to  carry  it  well  over  the  centre. 
Another  case  was  the  Budge  Budge  Jute  Weaving  Mill,  also  in 
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Calcntta  (Plate  60),  -whicli  was  driven  bj  a  pair  of  25  H.  P.  horizontal 
compound  engines  on  the  tandem  principle,  running  at  50  rev.  per 
min.  with  "0  lb.  boiler  pressure;  the  fly  pulley  Tvas  18  ft.  diam., 
and  3  ft.  4  in.  wide  on  the  face,  for  15  ropes  of  5  in.  circumference, 
running  at  2850  ft.  per  min. ;  the  ropes  conveyed  the  power  to  an 
8  ft.  pulley  on  the  first  shaft  in  the  weaving  mill,  from  which  it  was 
carried  forwards  to  the  other  shafts  by  the  number  of  ropes 
necessary  for  the  power  required  to  drive  the  machinery.  The 
same  plan  was  also  being  applied  to  the  Attleborough  Doubling 
Mill  now  being  erected  at  Nuneaton,  which  would  be  driven  by  a 
compound  engine  running  at  45  rev.  per  min.,  the  fly  pulley  being 
22  ft.  diam.,  3  ft.  8  in.  wide  on  the  face,  grooved  for  14  ropes  of 
7  in.  circumference,  running  at  3150  ft.  per  min. ;  the  Tm'll  was  four 
storeys  high,  and  the  power  was  transmitted  direct  to  each  room  by 
two  ropes  over  a  puUey  6  ft.  diam.,  giving  70  Ind.  H.  P.  for 
each  room. 

The  use  of  ropes  for  driving  was  originally  introduced  he 
thought  by  'Mr.  Combe  in  Belfast  many  years  ago ;  but  the  ropes 
were  not  then  made  so  well  he  believed  as  at  present,  and  did  not 
run  at  so  high  a  speed  as  now.  Ropes  had  not  been  used  in  Belfast 
so  much  as  they  were  beginning  to  be  used  now.  In  Dundee  he 
thought  rope  driving  had  been  more  extensively  adopted  than  in 
Lancashire  ;  but  there  were  other  works  in  Lancashire  besides  their 
own  at  Bolton  that  were  now  making  great  preparations  for  rope 
driving. 

Mr.  W.  Inglis  considered  the  paper  did  not  give  an  adequate 
idea  of  the  extent  to  which  ropes  were  used  for  driving ;  they 
were  largely  used  now,  not  only  in  Scotland  and  Ireland  but  in 
England  also;  in  Lancashire  the  system  seemed  to  be  growing  in 
favour.  At  the  works  with  which  he  was  connected  (Messrs. 
Hick  Hargreaves  and  Co.,  Soho  Iron  Works,  Bolton)  a  considerable 
number  of  rope  driving  pulleys  had  been  made  for  sevf^ral  years 
past,  for  mill  engines  of  different  sizes  up  to  700  Ind.  H.  P. ;  and 
they  had  a  good  many  in  progress  now.  In  regard  to  the  form  of 
the  grooves,  they  had  followed  the  practice  of  Messrs.  Combe  and 
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Barbour  of  Belfast,  wliich  was  similar  in  angle  to  that  given  in  the 
paper,  and  so  far  as  he  was  aware  there  had  not  been  any  diffictJty 
experienced  with  the  ropes.  In  no  case  where  they  had  applied  the 
system  had  he  heard  of  any  failure  or  disappointment. 

Mr.  Jeremiah  Head  remarked,  in  reference  to  the  application 
of  ropes  for  driving  trains  in  rolling  mills,  that  in  rolling  heavy 
sections  of  iron,  such  as  plates,  the  engine  in  all  the  cases  that  he 
knew  of  was  made  to  run  at  a  greater  speed  than  the  train ;  and 
this  was  done  in  order  to  keep  the  size  of  the  engine  down  as  much 
as  possible,  and  to  obtain  the  advantage  of  a  quick  speed  for  the 
flywheel.  In  that  case  therefore  the  power  was  conveyed  ordinarily 
from  the  engine  shaft  to  the  first  motion  shaft  of  the  train  by 
spur  wheels  in  a  diminishing  ratio,  and  when  so  worked  nothing 
could  answer  better  than  they  did.  Modern  rolling  mills  for  rails 
were  now  sometimes  made  to  work  direct,  without  any  gearing  at 
all ;  in  that  case  therefore  there  was  clearly  no  occasion  for  the 
introduction  of  rope  gearing.  But  in  rolling  small  sections  of  iron, 
such  as  in  guide  mills,  it  was  often  necessary  to  increase  the  speed 
to  something  considerably  above  that  of  the  engine  shaft ;  it  was 
possible  that  in  such  cases  rope  gearing  might  be  applicable,  because 
when  the  speed  was  multiplied  spur  wheels  did  not  always  act  well, 
and  another  plan — Robertson's  frictional  gearing — had  also  he 
believed  been  found  apt  to  get  out  of  order.  This  appeared  to 
him  to  be  the  only  case  in  which  ropes  would  be  found  applicable 
to  rolling  mills,  and  then  only  in  the  case  of  very  small  mills.  He 
agreed  in  .the  opinion  that  the  amount  of  fire  which  was  flying 
about  ironworks,  in  the  shape  of  hot  iron  and  sparks  from  the 
forges  and  rolling  mills,  formed  a  serious  objection  to  the  use 
of  ropes  ;  it  often  happened  that  from  the  hammers  and  rolls  pieces 
of  hot  cruder  came  flying  out,  and  these  might  easily  lodge  in  a 
hemp  rope  and  set  it  on  fire. 

l^Ir.  W.  Smith  mentioned  that  at  the  Colonial  Rope  Factory 
of  Harris  Smith  and  Co.  at  Great  GrrLmsby  in  Lincolnshire,  from 
1830  to  1837,  ropes  had  been  employed  by  his  father,  the  late 
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Mr.  Andrew  Smith,  for  taking  oS  the  power  from  the  engine  and 
communicating  it  to  the  first  motion  shaft.  The  plan  was  very 
commonly  adopted  in  connection  with  rope  works,  where  the  driving 
rope  employed  was  known  as  the  fly  rope,  for  working  the  traveller 
or  "  equaliser  "  from  end  to  end  of  the  rope  walk.  The  machinery  in 
connection  with  the  flax  spinning  mills  at  the  same  place,  as  well  as 
the  rope  factory,  was  also  driven  by  means  of  rope  gearing.  The  rope 
factory  was  about  400  yards  long,  and  the  engine  was  100  H.  P. ;  and 
the  method  of  driving  by  ropes  was  very  satisfactory.  The  motive 
for  adopting  that  plan  he  believed  had  been  not  only  on  account  of 
the  noise  made  by  gearing,  but  also  on  account  of  the  vibrations 
communicated  by  spur  gearing  to  the  walls  and  other  parts  of  the 
building,  which  was  built  upon  the  sandy  foreshore  of  the  river 
Humber.  The  result  of  the  experiments  then  made  had  shown  he 
thought  that  the  V  shaped  groove  was  not  at  all  satisfactory  ;  and  he 
believed  the  grooves  used  had  been  semicircular  at  the  bottom,  the 
rope  tdtimately  resting  in  the  bottom  of  the  U  gi'oove.  ^Ir. 
Combe's  puUeys  had  a  defect  which  told  very  much  against  a 
continued  use  of  hemp  ropes  upon  them,  namely  that  the  bearing 
for  the  ropes  was  not  uniform,  the  pulleys  being  constructed  of  a 
series  of  open  bars  like  a  whim,  and  the  friction  soon  wore  the 
ropes  out ;  that  was  the  main  defect  in  Combe's  application  of  the 
rope  system. 

Mr.  T.  Beelet  said  that,  having  had  occasion  last  year  to  change 
the  power  in  a  small  cotton  mill,  where  it  was  more  convenient  to 
drive  with  straps  or  ropes  than  with  spur  gearing,  he  had  made 
enquiries  as  to  the  relative  cost  and  dm-ability  of  straps  and  ropes, 
and  as  to  how  the  ropes  were  going  on,  and  how  they  were  liked  by 
those  who  had  them;  and  to  the  many  enquiries  made  he  had 
received  without  a  single  exception  satisfactory  replies  as  to  the  use 
of  ropes.  A  pair  of  engines  was  accordingly  put  down  to  give 
300  Ind.  H.  P.,  the  flywheel  22  ft.  diameter  grooved  for  12  ropes 
of  6  in.  circumference,  driving  fore  and  aft  on  to  two  5  ft.  drums, 
each  at  a  distance  of  31  ft.  from  the  flywheel,  6  ropes  being  led  to 
one  of  the  drums  and  5  to  the  other ;  the  sectioii  Qf  the  grooves  w^s 
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similar  to  that  shown  in  the  drawing  accompanying  the  j^aper. 
No  inconvenience  was  found  from  driving  aft,  nor  from  any  difference 
of  speed  on  dry  and  wet  days,  the  second  motion  shaft  gave  a 
tmiform  speed  under  all  the  variations  of  condition  such  as  obtained 
in  a  cotton  factory.  The  speed  at  which  the  ropes  ran  was  3500  ft. 
per  mill. ;  they  had  now  been  working  eight  months,  and  the  result 
had  been  in  every  way  satisfactory.  For  straps  to  take  off  the  same 
power  the  estimated  cost  was  £324,  while  the  cost  of  the  ropes  had 
been  only  £73.  When  making  enquiries  respecting  the  durability 
of  ropes  from  some  of  the  proprietors  of  mills  in  Ireland,  he 
had  learnt  that  one  of  them,  who  had  been  running  one  engine 
and  taking  off  the  power  from  it  through  ropes  for  6|  years, 
without  having  changed  any  of  the  ropes,  was  putting  down 
another  mill  at  the  time,  and  was  preparing  to  take  off  600  H.  P. 
from  another  flj-wheel  by  means  of  ropes.  The  new  mill  had  since 
been  got  to  work,  and  he  was  informed  it  was  working  as  satisfactorily 
as  the  previous  one  which  had  been  going  for  so  many  years. 

Mr.  W.  W.  HuLSE  observed  that  in  the  paper  there  was  not  any 
mention  of  Messrs.  Combe  and  Barbour  of  Belfast,  vrith  whom  the 
system  of  "  rope  gearing  "  originated.  They  had  never  ceased  from 
the  first  to  make  and  apply  it,  both  in  Ireland  and  this  country ; 
and  when  recently  engaged  at  their  works  he  was  surjDrised  to 
see  such  an  extensive  business  doing  in  it. 

He  remarked  on  the  great  advantage  the  Institution  was  dei'iving 
since  the  system  of  issuing  printed  papers  previous  to  meetings 
had  been  adopted.  The  able  discussion  of  the  present  paper  showed 
that  a  great  amount  of  time  and  thought  had  been  given  to  the 
subject  after  the  receipt  of  the  paper,  and  formed  a  valuable 
supplement  to  the  paper. 

Mr.  W.  Richardson  said  with  i-egard  to  the  use  of  the  grooved 
pulleys  for  taking  power  from  ropes,  and  the  proper  angle  for  the 
groove,  he  had  had  a  good  deal  of  experience  with  hoists  for  which 
large  ropes  had  to  be  used ;  and  he  had  found  that  the  life  of  the 
rope  was  three  or  four  times   as  long  if  it  ran  in  a  semicircular 
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groove,  as  corapai-ed  with  its  life  in  a  V  groove.  The  ropes  failed 
from  two  causes  when  running  in  V  grooves  :  either  the  strands  were 
cut  bj  the  friction  of  one  against  another  inside,  or  the  friction  of 
the  pulley  wore  out  the  strands  individually  on  the  outside.  Now  if 
the  rope  ran  in  a  semicircular  groove  of  the  form  of  itself, 
neither  of  these  causes  of  destruction  was  so  liable  to  occur, 
and  the  rope  had  a  much  longer  life.  If  friction  enough  were  not 
obtained  with  the  round  groove  that  gave  the  longest  life,  then  a 
greater  number  of  ropes  working  in  round  grooves  should  be  used, 
so  as  to  get  the  amount  of  friction  required  without  destruction  of 
the  ropes ;  that  he  thought  was  the  end  to  be  arrived  at  in  practice, 
whatever  the  theory  might  be. 

With  regard  to  rolling  mills  running  at  quick  speeds,  driving 
by  straps  or  ropes  was  found  decidedly  advantageous.  Some  time 
ago  he  had  an  8  inch  mill  driven  by  spur  gearing,  and  he  never 
knew  when  the  wheels  were  going  to  break.  Some  of  the  coupling 
spindles  were  longer  than  usual,  to  deliver  the  bars  from  the  finishing 
rolls  so  as  to  clear  a  pillar.  These  lengthened  spindles  allowed  an 
increase  of  torsion,  which  acted  as  a  spring ;  and  when  a  number  of 
bars  in  the  mill  happened  to  leave  the  rolls  at  the  same  time,  this 
spring  was  released  suddenly  and  caused  the  wheel  on  the  end  of  the 
line  of  rolls  to  flirt  back  and  break  the  cogs.  About  three  years  ago 
this  gearing  was  removed,  and  a  strap  30  in.  wide  travelling  at 
3000  ft.  per  min.  was  substituted,  and  since  then  he  had  had  no 
breakage. 

!Mr.  E.  A.  CowPER  drew  attention  to  the  description  given  at  a 
former  meeting  (see  Proceedings  Inst.  M.  E.  1874  page  56)  of  the 
mode  employed  at  Schaffhau.sen  for  driving  a  very  large  amount  of 
power  with  wire  ropes.  On  that  occasion  it  had  been  very  distinctly 
put  forward  that  the  wire  rope  ought  to  be  treated  in  the  most  careful 
manner  possible.  There  was  no  rubbing  at  all  against  the  sides 
of  the  groove  in  the  pulley,  the  rope  not  only  lay  on  a  flat  surface 
in  a  groove  wider  than  itself,  but  the  flat  surface  at  the  bottom 
of  the  groove  was  made  of  wood,  willow  being  recommended  as  the 
best,  and  thus  the  longest  life  of  the  rope  was  ensured.     The  life  of 
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a  rope  depended  upon  how  it  was  treated ;  and  the  wire  ropes  being 
very  long,  they  would  perhaps  become  a  very  heavy  item  if  there 
were  any  great  wear  and  tear  upon  them.  In  the  case  described 
the  ropes  ran  at  53  miles  an  hour,  transmitting  540  H.  P. ;  and  the 
pulleys  were  15  ft.  in  diameter. 

Mr.  F.  Preston  supported  the  statement  that  ropes  were  being 
considerably  more  used  now  for  driving  machinery  than  was 
generally  known.  Having  been  concerned  in  getting  information 
on  the  subject  with  a  view  to  the  building  of  a  new  mill  in 
Manchester,  he  had  been  to  Dundee,  whei-e  the  plan  was  very 
extensively  used,  and  had  visited  many  large  establishments  and 
obtained  the  opinions  of  those  who  had  been  running  ropes  from 
three  to  thirteen  years.  On  asking  the  owners  what  they  would 
do  if  they  were  building  new  mills,  the  answers  received  were  all 
in  favour  of  using  the  ropes,  except  in  the  case  of  one  mill,  where 
the  owner  was  using  both  gearing  and  ropes,  and  was  divided 
in  his  opinion.  The  best  results  were  found  in  mills  where  the 
grooved  flywheel  or  driving  di'um  was  running  at  not  less  than 
3000  ft.  per  min.,  and  the  speed  of  the  next  pulley  was  not  less 
than  three  times  that  of  the  flywheel.  The  power  transmitted 
per  rope  was  found  by  indicator  diagrams  to  range  from  about 
18  to  31  Ind.  H.  P.  The  highest  results  that  he  had  heard  of  were 
at  one  mill  where  30  Ind.  H.  P.  per  rope  was  transmitted,  the  ropes 
running  at  3300  ft.  per  min. ;  and  at  another  mill  where  560  Ind. 
H.  P.  was  transmitted  by  18  ropes,  giving  about  31  Ind.  H.  P.  per 
rope.  A  weaving  shed  built  a  few  months  ago  by  Messrs.  Holden  at 
Bradford  was  driven  by  ropes  entirely,  and  could  be  seen  by  any  one 
interested  in  rope  gearing  ;  and  he  was  now  making  plans  for 
two  new  factories  that  would  be  entirely  driven  by  ropes,  one  in 
this  country  and  one  abroad. 

The  President  enquired  what  provision  was  made  for  protecting 
the  ropes  by  fencing  them  in  according  to  the  machinery  act.  He 
asked  also  what  happened  if  the  driven  pulley  got  overloaded  and 
stopped ;  did  the  friction  fire  the  rope  ? 
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Mr.  F.  Preston  replied  that  he  had  made  enquiries  at  the  mills 
he  had  visited,  whether  there  had  been  any  accident  in  the  use  of 
the  ropes ;  and  he  found  that  in  no  case  had  there  been  any  serious 
accident.  Breakages  of  ropes  had  occurred,  but  in  every  case  the 
rope  quietly  fell  to  the  ground  and  did  no  damage.  The  ropes 
were  about  6  in.  circumference,  and  in  most  cases  they  had  been 
running  several  years  without  a  single  breakage.  He  had  never 
heard  of  an  instance  of  the  driven  pulley  being  overloaded  and 
stopped  and  of  the  rope  slipping  upon  it;  it  was  considered 
desirable  to  have  a  rope  or  two  more  than  might  be  actually 
required  for  the  power  to  be  transmitted,  so  that  there  might  still 
be  ropes  enough  remaining  to  do  the  work,  in  case  of  accident  to 
any  one  of  them. 

Mr.  J.  McSGRAVE,  referring  to  the  remarks  made  about  the 
advantage  of  semicircular  U  grooves  instead  of  V  grooves  for  the 
ropes  to  work  in,  thought  that  if  the  large  driving  flywheels  were 
grooved  in  that  way  with  semicircular  grooves,  and  the  driven  pulleys 
with  V  shaped  grooves  because  of  their  smaller  diameter,  it  would 
make  the  ropes  last  much  longer  than  if  both  the  driver  and  the 
driven  pulley  were  made  with  V  grooves.  This  was  a  suggestion 
that  he  had  not  beard  before,  but  he  thought  the  plan  would  answer 
very  well. 

Mr.  DuRiE  said  he  had  purposely  avoided  going  into  any 
theoretical  investigations  in  the  paper,  having  desired  simply  to 
bring  forward  practical  results,  in  order  to  give  some  idea  of  what 
really  had  been  done  in  regard  to  rope  gearing.  He  hardly  thought 
it  necessary  to  go  into  the  question  of  the  long  formulae  which  had 
been  submitted  in  the  discussion,  because  if  the  coefficient  of  friction 
was  a.scertained  in  one  case  it  was  almost  impossible  to  ascertain  it 
in  all  cases,  and  there  appeared  to  be  a  gi*eat  uncertainty.  The  value 
of  the  formula}  depended  upon  the  assumption  that  the  coefficient 
of  friction  was  correctly  known;  but  if  it  was  wrong,  then  the 
results  obtained  from  the  investigation  were  wrong  as  well. 
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Then  there  was  another  question,  namely,  the  proper  amount  of 
tension  to  be  put  upon  the  rope.  There  were  two  points  to  be  taken 
into  consideration  :  one  that  the  proper  amount  of  friction  should 
be  given  to  the  motive  power;  and  the  other  that  the  rope  should 
last  a  sufficiently  long  time.  It  was  generally  found  that  if  too 
much  tension  was  put  on  the  rope  it  would  not  last  so  long ;  it  was 
simply  a  matter  for  consideration  as  to  the  length  of  time  that  the 
rope  was  wished  to  work ;  if  the  pulleys  were  limited  in  width,  so 
that  there  was  not  room  to  put  more  ropes,  then  a  heavier  tension 
had  to  be  put  upon  the  ropes  in  order  to  get  the  driving  power 
required,  but  they  were  not  in  that  case  expected  to  last  so  long. 

With  regard  to  the  adoption  of  this  plan  of  driving  in  rolling 
mills,  that  was  simply  a  suggestion  that  had  occurred  to  him  in 
consequence  of  having  heard  that  large  straps  were  used  for  the 
purpose  in  America.  The  objections  urged  against  ropes  would 
apply  equally  he  thought  to  straps ;  and  if  rolling  mills  could  be 
driven  with  straps  he  should  conclude  that  they  could  be  driven 
with  ropes  better. 

The  form  adopted  for  the  rope  grooves,  as  shown  in  the  drawing, 
had  been  the  result  of  a  good  deal  of  experience ;  it  had  answered 
satisfactorily  in  a  great  many  cases,  and  he  had  not  the  slightest 
doubt  that  it  would  answer  in  others.  As  to  the  use  of  round 
grooves  instead  of  angxdar  ones,  there  was  no  doubt  that  the  ropes 
would  last  longer  with  round  grooves ;  but  the  friction  would  be 
much  less,  and  it  would  be  necessary  to  put  a  greater  number  of 
ropes  ;  and  then  it  would  be  simply  a  question  of  putting  say  half  the 
number  of  ropes  and  their  lasting  half  the  time,  or  putting  double 
the  number  of  ropes  and  their  lasting  double  the  time.  With  regard 
to  the  suggestion  to  make  one  pulley  with  V  shaped  grooves  and 
the  other  with  semicircular  grooves,  he  was  not  able  to  give  any 
opinion  at  present  on  that  point. 

In  reference  to  the  splicing  of  the  ropes,  it  was  desirable  to 
point  out  that  it  was  essential  the  splice  should  be  of  sufficient 
length  to  avoid  increasing  the  diameter  of  the  rope.  In  the  specimen 
exhibited  of  a  rope  that  had  been  newly  spliced  it  would  be  seen 
that  there  was  not  much  difference  in  the  diameter  at  the  splice, 
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and  after  it  liad  been  working  for  a  little  while  there  would  be  very 
little  difference  in  the  diameter  at  that  part.  The  other  specimen 
of  rope  exhibited  had  also  been  spliced,  and  had  since  been  working 
4 1  years,  and  in  this  hardly  any  difference  in  the  diameter  could  be 
seen  at  the  splice. 

The  President  moved  a  vote  of  thanks  to  'Mr.  Durie  for  his 
paper,  which  was  passed. 


The  Meeting  then  terminated. 


A  shell  made  of  fluid-compressed  steel  was  shown  by  Sir  Joseph 
WTiitworth,  which  had  penetrated  16  in.  of  iron  armour  plate 
and  12  in.  of  oak  backing,  with  scarcely  any  mark  left  upon 
the  shell  from  the  work  it  had  done ;  one  of  the  edges  had 
been  polished  to  show  the  perfect  soundness  of  the  metal.  The 
shell  was  808  lb.  weight,  and  made  to  contain  a  bursting  charge 
of  20  lb.  of  powder,  but  had  been  fired  without  any  bursting  charge. 
to  test  its  power  of  penetration ;  the  trial  took  place  at  Gavre  in 
France.  The  foinn  of  the  shell  was  hexagonal,  11'92  in.  diameter  at 
the  angles  and  1092  in.  at  the  sides,  and  flat-headed,  that  being 
found  the  best  form  for  penetrating  armour  plates  when  struck  at 
a  considerable  obliquity,  and  the  only  form  which  will  go  straight 
through  water  or  penetrate  below  the  water  line. 

A  new  construction  of  elastic  wheels  for  road  carriages  was  also 
shown  by  Sir  Joseph  Whitworth,  having  light  curved  steel  spokes 
that  gave  an  elastic  j-ielding  of  the  wheels  as  the  carriage  rolled 
along. 

The  large  works  in  progress  of  the  new  City  Hall  were  also 
shown  to  the  Members  by  invitation  of  the  Mayor  of  Manchester. 
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by  Walker's  original  trial,  but  cold-short  iron  produced,  288. — Spencer's 
furnace  did  remarkably  good  work,  but  did  not  last  long,  288. — Liquid 
fettling  very  good  for  re-fettling  after  wear,  289. — Dust-fuel  furnace  at 
"Woolwich  seems  to  have  no  practical  objection,  289.  —  Laminated 
plates  not  so  good  as  homogeneous  ones,  290, — Iron  made  from  common 
Cleveland  pig  in  dust- fuel  furnace  as  good  as  any  other  produced,  291. — 
Impurities  eliminated  fi-om  pig  better  than  in  other  puddling  furnaces, 
291. — Iron  must  give  way  to  steel  unless  better  material  made  in 
general,  292. — Manipiilation  of  large  blooms  not  difficult,  292. — 
Cost  of  fettling  should  not  be  considered,  as  best  quality  could  be 
employed  with  profit,  292. — Ductility  of  iron  produced  from  dust-fuel 
furnace,  293. — Cost  of  drying  fuel  for  grinding  is  only  a  secondary 
consideration,  294, — Perfect  combustion  of  fuel  in  furnace,  294. — Process 
of  making  malleable  iron  in  India,  294. 
Patent  Laws,  proposed  bill  very  injudicious,  181. — Bill  should  be  brought 
before  select  committee,  184. 

Crampton,  W.,  elected  Member,  57. 

Cuss,  H.  B.,  elected  Member,  57. 

Dal  Bridge  Erection,  Paper  on  the  mode  of  erection  of  the  large  iron 
girder  bridge  over  the  rivet  Dal  in  Sweden,  by  Edward  Hutchinson,  46. 
— Site  of  bridge,  46, — Girders,  46. — Adjusting  apparatus,  47. — Test  of 
iron  for  girders,  47. — Difficulty  of  fixing  girders,  from  character  of 
river,  58. — Different  plans  of  erection,  49.— Details  of  plan  adopted,  49. 
— Counterweight,  50. — Derrick  cranes  preferable  to  portable  cranes  in 
the  erection,  51. — Sectional  area  of  main  girders,  52. — Calculation  of 
counterbalance  weight,  52. — Cost  of  erection,  53. 

Discussion. — Bramwell,  F.  J.,  55.  —  Cowper,  E.  A.,  54.  —  Galton,  D., 
Capt.,  54.  —  Hawksley,  T.,  54,  55.  — Head,  J.,  53.  — Lloyd,  S.  Z.,  53.— 
Piatt,  J.,  54. 

Darwin,  H.,  Dynamometers,  principle  of  proposed  dead-weight  rotary 
dynamometer  obviating  the  use  of  springs,  231, — Description  of 
dynamometer,  232, — Advantages,  233, 
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Davis,  J,  elected  Graduate.  28. 

Dawson,  T.  J.,  elected  Member,  347. 

Dees,  J.,  decease,  3. — Memoir,  19.  ^ 

Dixon  and  Bubne's  Limestone  Pit,  338. 

Donaldson,  J.,  elected  Member,  27. 

Drilled  Rivet  Holes,  advantages  of,  71,  96,  97,  110. 

Dudley  Pobt  Limestone  Pit,  338. 

DUBIE,  J.,  Rope  Gearing,  Paper  on  rope  gearing  for  the  transmission  of  large 
power  in  mills  and  factories,  372.  —  Difficulty  of  ascertaining  correct 
coefficient  of  friction,  398. — Tension  on  rope  in  relation  to  its  durability, 
399. — Rolling  mills  driving  by  ropes.  399. — Form  of  rope  groove  found 
satisfactory,  399. — Splice  in  rope  should  not  increase  its  diameter,  399. 

Dust-Fuel  Furnace,     ^e  Mechanical  Puddling,  244. 

Dynamometers,  Paper  on  dynamometers,  friction  brakes,  and  other  testing 
apparatus  belonging  to  the  Royal  Agricultural  Society  of  England,  by 
W.  E.  Rich,  199, — Great  improvements  in  agricultural  machinery  and 
portable  engines  due  to  trials  made  by  R.  A.  Society,  199. —  Marine 
engines  should  be  tried  in  the  same  manner,  200. —  Most  important 
instruments  belonging  to  R.  A.  Society,  200. — Traction  dynamometers, 
spring  links,  200.  —  Difficulty  of  obtaining  accurate  reading  of  mean 
draught,  200.  —  Plough  dynamometer,  construction,  201.  —  Mode  of 
calculation,  203,  —  Best  way  of  testing  springs,  204, —  Calculation  of 
correction  for  springs,  205. — Correction  for  friction  and  slackness  of 
joints,  206. — Testing  draught  of  ploughs,  &c.,  207.— Two  equal  runs  in 
opposite  directions  to  be  taken  when  testing,  207.  —  Diagrams  giving 
maximum  strains  tend  to  hiqjler  experiments,  although  sometimes  useful, 
208. — Defects  to  be  avoided  in  integrating  dynamometer,  208. — Horse 
dynamometer  for  testing  wheeled  vehicles  with  shafts,  209. — Principle 
of  working,  210.  —  Construction,  211.  —  Integrating  and  registering 
apparatus.  213. — Testing  of  mowing  and  reaping  machines,  214. — Friction 
brake  dynamometer,  215.  —  Simplicity  of  instrument  and  accuracy  in 
testing,  215. — Description  of  100  H.P.  friction  brake,  215. — Pendulum 
lever  to  maintain  uniform  frictional  resistance,  216.  —  Rotary  hand 
dynamometer,  description,  219, —  Mode  of  application,  221, —  Large 
rotary  dynamometers,  222. — Description  of  20  H.P.  rotary  dynamometer, 
222. — 50  H.P.  dynamometer,  225. — Early  dynamometer  designs,  226. 

Z>/«r!m?flw.— Adams,  T,,  238,— Aveling,  T.,  235.  — Bramwell,  F,  J,, 
221,  242.— Carbutt,  E.  H.,  234.— Cowper,  E.  A.,  229,  238,  242.— Darwin,  H.. 
231.— Hawksley,  T.,  241,  243.— Maw,  W.  H.,  236.— Paget,  A.,  2.30,  243.— 
Rich,  W.  E.,  227,  234,  239, 

Eassie,  P,  B,,  decease,  3.— Memoir,  20. 
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Easton,  E.,  Water  Supply  from  Chalk,  Paper  on  the  yield  of  wells  sunk  in  the 
chalk  in  the  central  portion  of  the  London  basin,  163. — Peculiarity  in 
variation  of  water  level  in  wells  at  Brighton,  169. — Gradual  depression 
of  water  level  in  London  wells,  174. — No  risk  of  getting  salt  water  into 
Brighton  wells  if  not  sunk  too  deep,  174. — Highest  level  of  water 
generally  three  or  four  months  after  greatest  rainfall,  174. — Yield  of 
water  from  London  wells,  175. — Normal  water  level  difficult  to  ascertain, 
176. 

Election,  Council,  26.— Members,  27,  57,  197,  347. 

EXCUBSIONS  at  Summer  Meeting,  327. 

Fell,  J.  C,  elected  Member,  27. 

Fiee-Feeder,  Mechanical.    See  Mechanical  Fire-Feeder,  318. 

Fletchee,  H.  a.,  Patent  Laws,  proposed  bill  radically  bad,  191. — Present 
system  of  paying  stamp  duty  in  large  sums  very  objectionable,  and 
small  annual  payments  recommended,  192. 

Fletchee,  L.  E.,  Lancashire  Boiler,  Paper  on  the  Lancashire  boiler,  its 
construction,  equipment,  and  setting,  59. — Specimens  from  experimental 
boiler,  82. — EjBfect  of  hot  fire  on  Lancashire  boiler,  82. — Leakage  in 
furnace  tubes  stopped  by  removing  rigidity  of  ends,  84. — Objection  to 
grouping  safety  valves  and  other  fittings  on  one  mouthpiece,  84. — 
Necessary  to  plug  junction-valve  when  examining  boiler,  85, — Explosion 
from  fracture  of  branch  steam-pipe,  86.— Cast-iron  fitting  blocks 
objectionable,  87. — Advantages  of  Lancashire  boiler  for  mills,  121. — 
Dangerous  character  of  vertical  boilers,  122. — Longitudinal  stays  not 
required  for  strength,  123. — Factor  of  safety  adopted,  124.— Weakening 
effect  of  steam  dome,  124. 

Feiction  Beakes.    See  Dynamometers,  199. 

Feisbie  Mechanical  Fire-Feeder,     See  Mechanical  Fire-Feeder,  318. 

Feost,  W.,  elected  Member,  28. 

Galton,  D.,  Capt.,  Dal  Bridge  Erection,  comparative  cost  of  erection,  54. — 

Strain  put  upon  girders  in  erection,  54. 
Geabing,  Eope.    See  Eope  Gearing,  372. 
Gillett.  J.,  elected  Member,  57. 
Geay,  J.  W.,  elected  Member,  197. 
Geundy,  R.  D,,  elected  Member,  347. 

Hailstone  Quabey,  Basalt,  336. 

Hall,  T.  B.,  Lancashire  Boiler,  flanged  seam  admirable  for  strengthening 
boiler  flues,  but  disadvantageous  in  repairs,  119. 
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Hall,  W.  S.,  Lancashire  Boiler,  strength  of  joints  not  equal  along  zigzag  and 

along  straight  line  of  rivets,  109. 
Habmak,  H.  W.,  decease,  3. — Memoir.  20. 
Habhison,  G..  decease,  3. — Memoir,  21. 
Hawkikp,  C.  W.,  decease,  3. — Memoir.  22. 
Hawksley,  T.,  elected  President,  26,  27. 

Blast-Furnace  Capacity,  mechanical  crushing  of  materials  by  absolute 
weight  in  furnace,  44. 

Dal  Bridge  Erection,  55. 

Dynamometers,  friction  brakes  do  not  give  accurate  results,  241. — 
Illustration  of  reason,  241. — Weight  to  be  tested  should  attain  uniform 
motion  before  bringing  into  play  effect  of  vibration,  243. 

Frisbie  Mechanical  Fire-Feeder,  apparatus  not  applicable  to  Cornish 
boiler,  321, 

Lancashire  Boiler,  self-acting  feed  for  furnace  should  be  considered  in 
construction  of  boiler,  125. 

Mechanical  Puddling,  quality  of  iron  made  should  be  considered  in  England, 
and  not  quantity  made,  295. — Most  important  that  phosphorus  should 
be  removed  from  iron,  296.  —  Siemens  gas  furnace  likely  to  turn  out 
purer  material  than  Crampton  dust-fuel  furnace,  297, 

Spray  Tuyere,  application  of  platinum  tuyere,  365. 
Head,  Jeremiah,  elected  Member  of  Council,  26. 

Lancashire  Boiler,  sources  of  danger  in  Lancashire  boiler,  104.—  Dangers 
lessened  in  vertical  boiler,  105. — Kesults  of  working  with  vertical  boilers, 
105. — Advantages  of  vertical  boiler  over  Lancashire,  106. — Cross  tubes 
in  vertical  boilers,  108. — Vertical  boilers  with  considerable  amount  of 
steam  pipe  found  not  to  prime,  115. — Uptake  going  through  steam  not 
dangerous  with  proper  construction,  116. 

Mechanical  Puddling,  Dr.  Kollmann's  experiments  on  process  of  puddling  in 
ordinary  furnace  at  Konigshiitte  Iron  Works  in  Silesia,  266. — Analyses  of 
pig  iron  at  certain  stages  of  puddling,  266. — Analyses  of  fettling,  showing 
that  as  impurities  decrease  in  iron  they  increase  in  fettling,  267, — 
Puddlers  not  overpaid,  but  rollers  and  heaters  often  overpaid,  269. — 
Increased  yield  of  iron  in  some  cases  due  to  good  fettling  instead  of  to 
skill  of  puddler,  269. — Mechanical  rabble  better  than  hand-puddling 
furnace,  269. — Results  of  Crampton  furnace  at  his  own  works,  270. — 
Requisite  heat  could  be  obtained  with  powdered  fuel,  but  labour  and 
expense  of  feeding  the  fuel  perhaps  underrated,  270. — Difficulty  not  yet 
surmounted  of  making  plates  without  defects,  271. — Mechanical  puddling 
not  the  invention  of  one  mind,  272. — Cost  of  drying  coal  arises  not  so 
much  from  fuel  used  as  from  labour  expended,  281.— Crampton  furnace 
requires  better  fettling  than  ordinary  furnaces,  but  gives  gieater  yield, 
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282. — Rotary  furuace  removes  impurities  to  greater  extent  than  ordinary 
furnaces,  282. — Objection  of  lamination  but  little  felt  in  boiler-shell 
plates  and  ship  plates,  283. — Large  plates  better  made  from  a  single  ball 
if  practicable,  283. — Consumption  of  coal  in  Crampton  furnace  per  ton  of 
puddled  bloom,  283. 
Rope  Gearing,  not  applicable  to  rolling  mills,  393. 
Rules  alteration,  removal  of  Institution,  31. 

Spray  Tuyere,  means  of  working  cupolas  continuously  night  and  day,  367. 
Heppell,  T.,  elected  Member,  347. 
Hick,  J.,  elected  Vice-President,  26. 
Hind,  T.  W  ,  elected  Member,  197. 

HULSE,  W.  W.,  Rope  Gearing,  largely  used  both  in  Ireland  and  this  country,  395. 
Hutchinson,   E.,  Dal  Bridge  Erection,  Paper  on  the  mode  of  erection  of  the 
large  iron  girder  bridge  over  the  river  Dal  in  Sweden,  46. 

Inglis,  W.,  Rope  Gearing,  extensively  used  for  driving  works,  392. 
IBON  Works.  Round  Oak,  336.— Woodside,  337. 

Jackson,  H.  J.,  elected  Member,  347. 
Jacobs,  C.  M.,  elected  Member,  57. 
Jebb,  G.  R.,  elected  Member,  197. 
Jemson,  J.,  elected  Member,  57. 

Kn OTTERS  for  Paper  Making,  141,  159,  160. 

Laird,  H.  H.,  elected  Member  of  Council,  26. 

Lancashire  Boiler,  Paper  on  the  Lancashire  boiler,  its  construction, 
equipment,  and  setting,  by  L.  E.  Fletcher.  59. — Lancashire  and  Cornish 
boilers,  59. — Boiler  should  have  as  much  accuracy  of  make  and  attention 
as  engine,  60.  —  Variations  in  construction,  61.  —  Experimental  boiler 
for  series  of  hydraulic  bursting  tests,  61.  —  Construction  of  boiler 
recommended  for  high  pressures,  62. — Grooving  action  at  ends,  63. — 
Gusset  stays,  63.  — Mode  of  testing,  63.  —  Longitudinal  stays,  64.— 
Elasticity  of  end  plates,  64. — Furnace  tubes,  means  of  strengthening, 
65. — Objection  to  stays  for  supporting  furnace  tubes,  66. — Shell  plates, 
67.^Steam  dome  useless  and  objectionable,  68. — Manhole  strengthened 
with  wrought-iron  mouthpiece,  68. — Fitting  of  safety-valves,  70. — Blocks 
for  attachment  of  fittings,  70.— Seams  of  rivets,  71.— Sti-ain  on  transverse 
seams  only  half  that  on  longitudinal  seams,  71. — Machine  riveting  and 
drilled  holes  preferred,  71.— Material  for  boiler,  72. — Arrangement  of 
fittings,  73. —  Dead-weight  safety-valve,  74.— Low-water  safety-valves, 
74. — Furnace  mountings,  75. — Setting,  flues,  and  course  of  draught,  76. — 
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Boiler  covering.  78. — Connections,  78. — Weight  and  cost,  79. — Heating 
surface,  80. — Working  results.  81. 

Discvsiion. — Adamson.  D.,  89.— Amos.  C.  E.,  121.— Bower,  A.,  119. — 
Cochrane.  C,  108.— Cowper,  E.  A.,  88.— Fletcher.  L.  E  ,  82,  121.— Hall, 
T.  B.,  119.— Hall,  W.  S.,  169.— Hawksley,  T.,  12.5.— Head,  J.,  104,  108, 
115.— Olrick,  L.,  99,  114.— Paget,  A.,  117.— Piatt,  J.,  118.— Bobinson,  J., 
114.-Thomjcroft,  J.  I.,  116.— Walker,  B.,  97,  99.— Walker,  C.  C,  112.— 
Welch.  E.  J.  C,  109,  112. 

LiMESTOSE  Pit,  Dudley  Port,  Dixon  and  Burne's,  338. 

LlSHMAX,  T..  elected  ilember,  347. 

Lloyd.  F.  H.,  Spray  Tuyere,  Paper  on  the  open  spray  tuyere  and  other  blast- 
furnace tuyeres,  350. — Specimens  of  spray  tuyeres,  359. — Causes  of 
explosions  with  ordinary  tuyeres,  368. — Arrangement  of  spray  pipes, 
368. — Prevention  of  obstruction  in  pipes,  369. — Application  of  .spray 
tuyeres  to  cupolas,  370. — Malleable  cast-iron  for  tuyeres,  371. — Small 
pressure  of  water  best  for  spray  tuyeres,  372. 

Llotd,  S.  Z.,  Dal  Bridge  Erection,  additional  strength  required  in  lower 
flanges  of  girders  during  erection,  53. 

Lord,  E..  decease,  3. — ilemoir,  22. 

Lte  Cross  Colliery.  332. 

Maxlove,  W.  M.,  elected  Member,  197. 

Mather,  J.,  elected  Member,  197. 

Maw,  W.  H.,  Dynamometers,  correct  action  depends  upon  mode  of  coupling 
the  ends  of  brake  strap  to  pendulum  lever,  236. — Piim  of  brake  wheel 
better  flat  than  convex,  237. — Maximum  power  absorbed  by  brake,  237. — 
Tension  of  strap  varies  with  each  kind  of  lubrication,  239. 

McCabteb  Cokdekseb.     See  Condenser,  McCarter,  299. 

Mechanical  Fire-Feeder.  Paper  on  the  Frisbie  mechanical  fire-feeder 
and  grate  for  boilers  and  furnaces,  by  B.  P.  Walker.  318. — Object  of 
apparatus.  318.  —  Construction  and  action  of  fire-feeder,  318.  —  Means 
of  removing  incombustible  matter  from  grate,  319. — Advantages  of  firing 
by  inserting  fuel  from  beneath,  319. — Application  and  satisfactory  results 
of  working,  320. 

i>i«fw*«ion.— Bramwell,  F.  J.,  323.— Hawksley.  T.,  321,  327.— Olrick,  L., 
321.— Smith,  31.  H..  322.— Walker,  B,  P.,  321,  324. 

Mechanical  Puddling,  Paper  on  mechanical  puddling,  by  T.  R.  Crampton, 
244. — Good  puddler  not  only  makes  better  iron  but  with  less  loss  of 
weight  than  bad  puddler,  244. — Mechanical  puddling  superior  to  hand 
labour  both  in  yield  and  quality,  245.  —  Different  arrangements  for 
inechanical  puddling.  245. — Walker  and  Warren's,  245. — Maudslay'8:245. — 
Tooth's,  245, 246.— Dankfi',  246. — Sellers',  246.— Siemens',  246.— Cramptoa's 


INDEX.  411 

dust-fuei  furnace,  246. — Coal  feeder,  247.  —  Mechanical  rabble  not  so 
useful  as  revolving  drum,  247. — Principle  of  revolving  puddling  furnace, 
248. — Mechanical  rabble  only  saves  a  portion  of  manual  labour,  249. — 
Revolving  system  heated  by  separate  furnace  still  requires  intelligent 
adjustment  of  flame,  249. — Dust-fuel  consumed  in  puddling  chamber  is 
regulated  automatically,  250. — Results  of  working  with  dust- fuel  furnace, 
250, — Weight  of  mass  operated  upon  is  of  little  importance,  250. — 
Iron  obtained  from  large  homogeneous  mass  is  superior  to  that 
obtained  by  piling,  251. — Quality  improved  by  more  efEective  puddling  in 
revolving  chamber,  251. — Best  mode  of  producing  heat  in  furnace,  262. — 
Joint  for  preventing  leakage  of  liquid  metal,  252. — Furnace  re-fettled 
automatically,  253. — Advantages  derived  from  dust-fuel  furnace,  253. — 
Examples  of  superior  results  of  mechanical  puddling  overhand  puddling, 
254. — Homogeneous  plates  and  rails  made  from  infei-ior  pig,  255. — 
Case-hardened  rails  could  be  produced  by  mechanical  puddling  as  cheap 
as  ordinary  iron  rails,  255. — Homogeneous  material  superior  in  every 
respect  to  that  built  up  of  pieces,  256. — Particulars  of  specimens,  257. 

Discussion.— AdsLms,  T.,  284.— Bramwell.  F.  J.,  279.— Carbutt,  E.  H., 
272,  279.— Cochrane,  C,  275.— Cowper,  E.  A.,  275,  284.— Crampton,  T.  R., 
259,  287.— Hawksley,  T.,  295.— Head,  J.,  266,  281,  284.— Lloyd,  S.  Z., 
275.— Newton,  W.  E.,  261.— Paget,  A.,  279.— Shanks,  A.,  285.— Siemens, 
C.W.,  285.— Walker,  B.  P.,  274.— Webb,  F.  W.,  260.— Whitworth,  Sir  J.,  279. 

Memoies  of  Members  deceased  in  1875,  17. 

Menelaus,  W.,  elected  Vice-President,  26. 

Menzies,  W.,  elected  Member,  197. 

Milward's  Needle  Works,  Redditch,  341. 

Moore,  J.,  elected  Member,  57. 

Morgan,  J.  L.,  decease,  3. — Memoir,  23. 

MuiEHEAD,  R.,  elected  Member,  347. 

Mundella,  a.  J.,  Patent  Laws,  better  to  propose  referring  the  proposed  bill  to 
select  committee,  than  its  total  rejection,  192. — Promoters  of  bill  desire 
abolition  of  patents,  193. — Necessity  for  modifjnng  bill  could  be  shown 
before  select  committee,  194. — Amount  of  litigation  arising  from  patents 
very  small,  194. 

Mtjsgrave.  J.,  Rope  Gearing,  mills  at  Calcutta  driven  by  rope  gearing,  391. — 
Original  introduction  at  Belfast,  392.— Semicircular  grooves  for  driving 
pulleys,  398. 

Naish,  W.  p.,  elected  Member,  28. 
Needle  Works,  Redditch,  341. 
Nettlefolds'  Screw  Works,  Smethwick,  327. 
Newton,  W.  M.,  elected  Member,  347. 

i3 
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Newton,  W.  E.,  Mechiuiical  Puddling,  pnper  vory  complete  in  giving  history 
of  invention  of  mechanical  puddling.  261. — Early  plan?  for  superseding 
hnnd-puddling,  never  carried  into  practical  execution,  261. — Tooth's 
apparatus  actually  carried  out  in  practice,  and  worked  well,  but  would  not 
last  262. — Subsequent  difficulty  of  getting  sufBciently  good  fettling, 
268. — Necessity  for  keeping  rotating  cylinder  cool,  first  really  recognised 
in  Crampton  furnace,  263.— Plan  for  generating  heat  in  that  furnace,  not 
the  best,  263. — Uncombined  carbon  should  not  be  carried  into  puddling 
chamber,  264. — Desirable  to  know  comparative  consumption  of  fuel  in 
dust-fuel  furnace  per  ton  of  iron,  264. — Spencer's  rotating  puddling 
furnace,  264. 
Patent  Laws,  proposed  bill  should  not  only  be  negatived,  but  objections 
should  be  pointed  out,  183. — Present  patent  law  preferable,  if  1852  act 
carried  out  properly,  183. — Paid  commissioners  should  be  appointed  to 
carry  it  out  properly,  184. — Commissioners  should  be  appointed,  not  for 
their  legal  knowledge,  but  for  their  scientific  knowledge,  185. 

Ooi  Paper  Mill,  Paper  on  tke  Ogi  Paper  Mill,  Japan,  by  W.  Anderson,  127. 
— Preparation  of  material  for  manufacture  of  papei-,  127. — Sorting  of 
rags.  127.— Cutting,  128.— Dusting,  128.— Rag  boilers,  129.— Allcali- 
mixing  apparatus,  130. — Composition  of  solution,  131. — Washing 
machinery,  132. — Poachers  for  bleaching.  135. — Bleach-mixing  app.iratu?, 
136.— Beaters,  137. — Size  making.  138. — Paper-making  machine,  139. — 
Strainer,  139. — Knotters,  141. — Shake-frame  on  which  the  paper  is  made, 
142. — Vacuum  boxes,  144. — Couch  rolls,  145. — Press  rolls,  146. — Drying 
cylinders,  147. — Calenders,  148. — Self-acting  continuous  cutting  machine, 
149. — Lengths  of  paper  accurately  cut  by  cross  cutter,  150. — Difficulty 
from  electricity  developed  by  drying  of  paper,  151. — Polishing  rollers, 
152. — Steam  power  used  in  driving  the  mill,  152. — Erection  of  mill,  154. 

Diitcnssion. — Amos,  C.  E.,  156,  158,  160. — Anderson,  W.,  155,  161. — 
Cowper.  E.  A.,  157,  159. 

Olrick,  L.,  Frisbie  Mechanical  Fire-Feeder,  admission  of  air  above  grate  for 
burning  smoke,  321. — Removal  of  clinkers  from  grate,  322. 
Lancashire  Boiler,  best  construction  of  boilers  should  always  be  employed, 
99. — Proportion  of  test  pressure  to  working  pressure,  100. — Longitudinal 
stays  should  only  take  strain  after  gusset  stays.  100. — Means  of 
strengthening  manholes  in  vertical  boilors.  100. — Large  mudhole  obtained 
in  Cornish  boiler  by  adding  a  large  pocket,  101. — Material  for  boiler  shells, 
102. — Additional  safety-valves  for  preventing  excessive  pressure,  102. — 
Evaporative  power  of  boiler  should  be  stated,  not  horse  power,  103. — 
Experiments  on  boilers  should  be  extended  to  vertical  boilers,  103. 
McCartcr  Condens^er,  means  of  working  ordinary  condenser  with  winding 
engines  and  marine  engines,  311. 
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Open  Spray  Tuyeke.     See  Spiay  Tuyere,  350. 
Owen,  G.  C.  M.,  elected  Graduate,  347. 

Paget,  A.,  Dynamometers,  advantage  of  ball  apparatus  over  small  integrating 

wheel,  230. — Institution  as  a  body  should  make  experiments  on  accuracy 

of  friction  brake,  243. 
Lancashire  Boiler,  best  construction  of  riveted  joint  very  desirable  to  be 

ascertained,  117. 
Mechanical   Puddling,  sufficient  heat  going  up  chimney  both   to   dry  and 

to  grind  the  coal,  279. 
Rope  Gearing,  correct  coefficient  of  friction   not  yet  obtained.  388. — Best 

angle  for  grooves,  388. 
Rules  alteration,  resolution  respecting  dates  for  meetings,  28. — Resolution 

respecting  mode  of  opening  ballot  papers,  28. — Removal  of  Institution  to 

London,    29. — Memorial   to   Council    about    removal,    31. — Reports    of 

meetings,  32. — Notices  of  motions,  349. 
Paper  Mill,  Ogi.    See  Ogi  Paper  Mill,  127. 
Patent  Laws,  Special  Meeting,  179. 

Discussio7i.  —  Co\e,  Sir  H.,  189.  —  Crampton,  T.  R.,  181,  185,  195.— 

Fletcher,  H.  A.,  191.— Mundella,  A.  J.,  192,  195.— Newton.  W.  E.,  183.— 

Ravenhill,  J.  R.,  179,  185,  195.— Selwyn,  J.  H.,  Adm.,  186.— Smith,  W., 

182,  188.— Tweddell,  R.  H.,  179. 
Peel,  G.,  Jun.,  decease,  3. — Memoir,  24. 
PiERCY,  H.  J.  T.,  elected  Member,  347. 
PiNEL,  C.  L.,  elected  Member,  57. 
Platt,  J.,  Lancashire  Boiler,  drilled  holes  more  correct  than  punched  holes, 

but  question  whether  worth  extra  expense,  118. — Cast-iron  mountings 

riveted  on  by  hydraulic  machine,  found  to  be  very  perfect  work,  119. 
Rules  alteration,  removal  of  Institution,  29. 
Pollock,  J.  F.  M.,  elected  Member,  57. 
POOLEY,  H.,  Jun.,  elected  Member,  347. 
Power  Transmission  by  Ropes.    See  Rope  Gearing,  372. 
Preston,  F.,  Paper  on  the  McCarter  condenser  without  air-pump  for  steam 

engines,  299.— Valuable  for  colliery  winding  and  pimiping  engines,  308. 

— Power   saved  by  not  working    air-pump,   309. — Steam  required   for 

auxiliary  condenser,  310. — Advantage  of  McCarter  condenser  for  winding 

engines,  315. — Advantage  over  ejector  condenser,  316. — Vacuum  could  be 

made  without  blowing-through,  316, 
Rope   Gearing,   considerably   used   for    driving    machinery,   397.  —  Power 

transmitted  per  rope,  397.— No  serious  accidents  with  rope  gearing,  and 

great  freedom  from  breakage,  398. 
Puddling.  Mechanical.    See  Mechanical  Puddling,  244. 


414  INDEX. 

Ravexhill.  J.  R..  Patent  Laws,  better  refer  bill  to  select  committee  than 

attempt  to  alter  clauses,  185,  195. 
Redditch  Needle  Works,  341. 

Report  of  Cocxcil,  Annual.   1. — Number  of   Members.   1. — Investment  of 
funds.  2. — Deceases  of  Members.  2. — Donations  to  Library,  .3. — Papers 
read  at  Meetings,  5. — Meetings  in  year,  6. — Subjects  for  papers.  8. — 
Abstract  of  receipts  and  expenditure.  16. 
Restlek,  J.  W.,  elected  Member,  347. 

Rich.  W.  E..  Dynamometers.  Paper  on  dynamometers,  friction  brakes,  and  other 
apparatus  belonging  to  the  Royal  Agricultural  Society,  199. — Description 
of  large  traction  dynamometer  for  Indian  State  Railways.  235. — Peculiar 
angle  at  bottom  of  pendulum  levers  in  Appold  friction  brake,  239. — 
Maximum  power  absorbed  by  brake   without  undue   heating.   239. — 
Relative  advantages  of  different  forms  of  springs,  239. 
RiCHABDSOX,  W..  Rope  Gearing,  semicircular  grooves  best  for  ropes,  395. — 
Straps  or  ropes  great  saving  for  driving  quick  speeds  in  rolling  mills,  396. 
RrvET  Holes,  advantages  of  drilled,  71.  96,  97,  110. 
RoBDfSOX.  J.,  elected  Vice-President.  26. 

Lancashire    Boiler,    vertical    boilers    worked    at    Manchester    not    found 
satisfactory,    114.  —  Priming  considerable    in    vertical    boilers,    115. — 
Danger  of  steam  getting  superheated  and  causing  explosions  in  vertical 
l:>oilers,  115. 
RoBEfSOX.  J.  S.,  elected  Member,  28. 

Rope  Gearisg,  Paper  on  rope  gearing  for  the  transmission  of  large  power  in 
mills  and  factories,  by  J.  Durie,  372.—  Leather  belts  adopted  for 
transmitting  large  power  in  America.  372. — Rope  gearing  given  complete 
satisfaction.  372. — Sizes  of  ropes  employed,  373. — Right  proportion  between 
diameter  of  ropes  and  of  pulleys,  373. — Mode  of  applying  comjilete 
system  of  rope  gearing,  373. — Power  transmitted  per  rope,  374. — Form 
of  groove,  374. — Advantage  of  having  more  than  one  rope  for  driving. 
375. — Arrangement  of  rope  gearing  in  Jute  Factory,  Calcutta,  375. — 
Means  for  substituting  rope  gearing  in  place  of  toothed  gearing,  375. — 
Comparison  between  toothed  gearing  and  rope  gearing,  376. — Less 
friction  of  rope  gearing,  377. — Advantage  of  rope  over  belt  gearing,  378. — 
Comparative  sizes  of  ropes  and  belts,  379. — Table  of  experiments  on 
friction  of  ropes  and  leather  belts,  381. 

i>wrM«jV>».— Beeley,  T.,  394.  — Clay,  W.,  390.  — Cowper,  E.  A.,  389, 
396.— Durie,  J.,  382,  398.— Hawksley,  T.,  382.  397,  400.— Head,  J.,  393.— 
Hulse,  W.  W.,  395.— Inglis,  W.,  392.— Musgrave,  J.,  391,  398.— Paget,  A.. 
388.— Preston,  P.,  397,  398.  — Richardson,  W.,  395.— Smith,  W.,  393.— 
Welch,  E.  J.  C,  382,  389. 
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Ross,  T.  B.,  elected  Member,  57. 

Round  Oak  Iron  Works,  336. 

Rules  of  Institution,  alteration.— Dates  for  meetings,  28.— Opening  of  ballot 

papers,  28. 

Discussion.— Bennett  P.  D.,  31.— Bramwell,  F.  J.,  30.— Cochrane,  C, 

31.— Cowper,  E.  A.,  30.— Hawksley,  T.,  32.— Head,  J.,  31.— Paget,  A.,  28, 

81,  32.— Piatt,  J.,  29.— Siemens,  C.  W.,  30.— Tweddell,  R.  H.,  31.— Wise, 

W.  L.,  30.— Wright,  J.,  29. 
Notices  of  motions,  349. 
Russell's  Tube  Works,  Wednesbury,  339. 

Safety  Valves,  74,  102,  111. 

Sandwell  Colliery,  330. 

Scott,  D.,  elected  Member,  57. 

SCKEW  Works,  Nettlefolds',  327. 

Selvtyn,  J.  H.,  Adm.,  Patent  Laws,  principles  affirmed  by  previous  meetings, 

186. — Patents  should  not  be  subject  to  law  officers,  187. — Objection  to 

referring  bill  to  select  committee,  188. 
Sewage  Works,  Birmingham  Corporation,  343, 
Shanks,  A.,  Mechanical  Puddling,  Indian  charcoal-pig  treated  in  Crampton 

furnace  made  very  good  iron,  285. 
Shield.  H.,  elected  Member,  347. 
Siemens,  C.  W.,  Blast-Furnace  Capacity,  ultimate  capacity  not  to  be  considered 

as  abstract  principle,  33. —  Chemical  action  not  affected  by  difference 

of  capacity,  33. — Chemical  conditions  mainly  to  be  considered,  34. 
McCarter  Condenser,  greater  amount  of  steam  required  to  expel  water  and 

air  than  with  air-pump,  311. 
Mechanical  Puddling,  question  mainly  one  of  obtaining  fettling  of  sufficient 

resisting  power,  285. — Furnace  for  puddling  ore  direct  avoided  impurities 

put  into  iron  in  blast  furnace,  286. — Water  casing  introduced  in  Crampton 

furnace  very  good,  287. 
Rules  alteration,  removal  of  Institution,  30. 
Simpson,  A.  T.,  elected  Member,  57, 
Small  Arms  Factory,  Birmingham,  329. 
Smethurst,  W.,  elected  Member,  28. 
Smith,  J.,  elected  Member,  28, 
Smith,  M.  H.,  Frisbie  Mechanical  Fire-Feeder,  loss  of  coal  from  firing  too  fast, 

322. — Durability  of  firebars  with  more  intense  combustion,  323, 
Smith,  W.,  Patent  Laws,  proposed  bill  not  advisable  to  be  altogether  negatived, 

but  modification  required,  182. — House  of  Commons  should  be  petitioned 

to  alter  certain  clauses,  but  not  desirable  to  refer  bill  to  select  committee, 

188. 
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Bope  Gearing,  employtuent  of  ropes  for  driving  machinery,  393. — Vibration 
of  spur  gearing  avoided,  394. — Bearing  of  ropes  iu  grooves,  394. 
Speck,  T.  S.,  elected  Member,  57. 
Spice,  K.  P.,  elected  Member,  57. 

Spon,  E.,  Water  Supply  from  Chalk,  faults  in  chalk  of  London  basin,  172. — 
Variable  yield  of  wells  in  district,  173. — Level  of  water  in  wells,  173.— 
Flow  of  water  through  fissures  in  chalk,  173. 

Spray  Tuyeke.  Paper  on  the  open  spray  tuyere  and  other  blast-furnace 
tuyeres,  by  F.  H.  Lloyd,  350. — Various  tuyeres  used,  350. —  Coiled 
tuyere,  350. — Water-jacketed  tuyeres,  360. — Different  metals  used,  351. — 
Description  of  open  spray  tuyere,  351. — Action  of  spray  pipes,  352. — No 
increase  of  water  required,  353. — Greater  durability  of  tuyeres,  353. — 
No  water  can  enter  the  furnace,  353. — Causes  of  injury  to  water  tuyeres, 
354. — Difficulty  of  detecting  leakage  with  ordinary  tuyeres,  354. — Cause 
of  accidents  with  water-jacketed  tuyeres,  354. — Arrangement  for 
detecting  leakage,  356. — Remedy  for  incrustation  with  open  spray 
tuyere,  357. — Damaged  tuyere  need  not  be  removed  hastily,  357. — Sizes 
of  spray  tuyeres  in  use,  358. 

Ducussion. — Adamson,  D.,  362,  365. — Cochrane,  C,  359. — Cowper, 
E.  A.,  365,  371.— Hawksley,  T.,  365,  371.— Head,  J.,  367.— Lloyd,  F.  H., 
359,  368,  370.— Webb,  F.  W.,  365,  370. 

Spbiggs,  C,  elected  Member,  28. 

Steam  Dome,  68,  88. 

Sterne,  L.,  elected  Member,  57. 

Stewart,  C.  P.,  elected  Vice-President,  26. 

Subjects  foe  Papers,  8. 

Taunton,  E.  H.,  elected  Member,  197. 
Taylor,  G.,  decease,  3. — Memoir,  24. 
Taylor,  W.  H.  0.,  elected  Member,  197. 
Thomas'  Needle  Works,  Redditch,  241. 
Thobntcroft,  J.  I.,  elected  Member,  28. 

Lancashire    Boiler,  vertical    boilers  liable   to  priming  from   small  water 
surface,  117. 
Trevithick,  R.  F.,  elected  Member,  28. 
Tube  Works,  Wednesbury,  339. 
Turney,  J.,  elected  Member,  197. 
Tuyere,  Open  Spray.    See  Spray  Tuyere,  350. 

TwEDDELL,  R.  H.,  Patent  Laws,  necessity  for  agitating  against  bill  now  before 
House  of  Commons,  180. — Resolutions,  180. 

Rules  alteration,  removal  of  Institution,  31. 
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Walker,  B.,  Lancashire  Boiler,  drilled  holes  found  better  than  punched,  97  — 
Lancashire  boiler  found  satisfactorj-  in  working,  97. — Longitudinal  bolts 
add  materially  to  durability  and  safety  of  boiler,  98. — Cast-iron  mountings 
satisfactory  when  not  badly  put  on,  98. — Holes  drilled  and  riveted  cold 
found  stronger  than  holes  punched  and  riveted  hot,  99. 

Walker,  B.  P.,  Frisbie  Mechanical  Fire-Feeder,  Paper  on  the  Frisbie 
mechanical  fire-feeder  and  grate  for  boilers  and  furnaces,  318. — Self-acting 
apparatus  for  feeding  hopper,  321. — Disadvantage  in  applying  fire-feeder 
to  Cornish  boiler,  321. — Satisfactory  consumption  of  smoke,  324. — Power 
required  for  charging  grate,  32.5. — Great  durability  of  firebars,  325. — 
Cost  of  fire-feeder,  326. — Advantage  in  breaking  up  clinkers  on  top  of 
fire,  326. — Extensive  application  to  glass  houses,  326. 
^Mechanical  Puddling,  original  invention  of  revolving  puddling  furnace  was 
actually  put  in  operation,  274. — Results  of  experiments  with  original 
furnace,  274. 

Walker,  C.  C,  Lancashire  Boiler,  priming  a  great  danger,  which  ought  to  be 
gdt  rid  of,  113.  —  Horizontal  boiler  better  than  vertical  for  avoiding 
priming,  on  account  of  large  water  surface,  114. 

Walker,  T.  F.,  elected  Member,  347. 

Ward,  W.  M.,  elected  Member,  347. 

Water  supply  from  Chalk,  Paper  on  the  yield  of  wells  sunk  in  the  chalk 
in  the  central  portion  of  the  London  basin,  by  E.  Easton,  163. — Basin 
form  of  the  chalk,  163. — Obstruction  to  passage  of  water  from  deflection 
of  chalk  and  great  fault  in  strata,  164. — Sudden  alteration  caused  in 
water  level  in  the  chalk,  165. — Flow  of  wf^r  different  in  pure  chalk 
districts,  165. — Only  small  portion  of  rainfall  finds  its  way  into  chalk 
under  London,  166. — Bate  of  inclination  of  water  in  chalk  at  Brighton, 
167. —  Uncertainty  of  finding  water  in  any  quantity  in  London  basin, 
167. — Analysis  shows  considerable  admixture  of  water  from  the  tertiary 
sands  covering  the  chalk,  168. — Water  level  steadily  lowering  in  wells 
as  number  increases,  168. — No  great  quantities  of  water  can  be  expected 
under  London,  169. 

Dhcnssion.—kmo%.,  G.  E.,  171.— Cowper,  E.  A.,  170,— Clay,  W.,  170.— 
Easton,  E,,  169,  174,— Hawksley.  C,  172,— Hawksley,  T.,  170,  176.— 
Spon,  E,,  172.— Webb,  F.  W..  170,  171. 

Watt  and  Co.,  Engine  Works,  Soho,  Birmingham,  329, 

Webb,  F.  W.,  Mechanical  Puddling,  iron  manufactured  in  Crampton  furnace 
perfectly  clean  and  good,  260, — Analysis  of  iron  in  different  stages 
from  pig  to  finished  steel  rails,  260. — Comparative  cost  of  making  rails 
by  Siemens-Martin  and  by  Bessemer  process,  261, 
Spray  Tuyere,  application  to  cupolas,  365,  —  Cupolas  required  to  work 
continuoivsly  for   a  week,  370. 


41«  INDEX. 

Water  Supply  from  Chalk,  analysis  of  very  soft  water  from  well  at  Camden 
Town,  170. — Salt  in  water  of  wells  near  sea,  172. 

Webster,  J.,  decease,  3. — Memoir,  25. 

Welch,  E.  J.  C,  Lancashire  Boiler,  means  of  punching  rivet  holes  at  exact 
distances,  109.  —  Drilled  holes  stronger  than  punched,  110.  —  Steam 
junction-pipe  broken  from  water  accumulating,  110. — Low-water  alarms 
not  to  be  relied  ou,  111. — Rules  for  strength  of  internal  flues  in  boilers, 
111.  —  Test  by  hydraulic  pressure  should  not  be  less  than  double  the 
working  pressure,  112. 
Rope  Gearing,  required  tension  for  ropes  should  be  correctly  ascertained,  382. 
— Most  suitable  angle  for  grooves  in  pullej%  382. — Driving  side  of  rope 
to  be  at  bottom  of  pulleys,  383. — Comparison  between  rope  and  belt  for 
same  power,  383. — Formulae  for  calculation,  383. —  Results  of  calculation, 
383. 

Wells,  Yield  of,  in  Chalk  in  London  Basin.     See  Water  Supply  from  Chalk,  163. 

West.  H.  H..  elected  Member,  57. 

Westmacott,  p.  G.  B.,  elected  Vice-President,  26. 

Whiteley,  W.,  elected  Member,  197. 

WhitWl)ETH,  Sir  J.,  Mechanical  Puddling,  importance  of  ascertaining  tensile 
strength  of  all  specimens,  279. 

Wise,  W.  L.,  Rules  alteration,  removal  of  Institution,  30. 

Wood,  T.,  elected  Member,  3i7. 

Woodside  Iron  Works,  337. 

WoRSSAM,  S.  W.,  elected  Member,  28. 

Weight,  James,  elected  ilember,  57. 

Weight,  Joseph  (Tipton),  Rules  alteration,  removal  of  Institution,  29. 
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